i"^ 


^'^    -5^  — 


Z<=TÇ<S:€j=rr<lC<&     CôPv' 


Water  Plant  Optimization  Study 


PETERBOROUGH 

WATER  TREATMENT 

PLANT 


December  1990 


Ontario 


Environment 
Environnement 


Environment 
Environnement 

Ontario  ISBN  0-7729-3303^ 


Water  Plant  Optimization  Study 


Peterborough 
Water  Treatment  Plant 


Project  No.  7-2018 
December  1990 


study  conducted  by: 

W.J.  Margrave  and  A.L.  Loucks 

of 

Gore  Gl  S'torrie  Limi'ted 


Under  the  direction  of  the 
Peterborough  Project  Committee: 

Gary  Martin  -  MOE  Water  Resources  Branch 

Jim  Craig  —  Peterborough  Public  Utilities  Commission 

Wayne  Manley  —  Peterborough  Public  Utilities  Commission 

Paul  Roussel  —  MOE  Peterborough  District  Office 

Bill  Gregson  -  MOE  Project  Engineering  Branch 

Janusz  Budziakowski  -  MOE  Environmental  Approvals  Branch 

Gerry  Sigal  -  R.V.  Anderson  Associates  Limited 


Address  all  correspondence  to: 

Ministry  of  the  Environment 

Water  Resources  Branch 

1  St.  Clair  Ave.  W.,  4th  Floor 

Toronto,  Ontario 

M4V  1K6 

®  1 990  Her  Majesty  the  Queen  in  right  of  Ontario 

as  represented  by  the  Minister  of  the  Environment 


Please  note  that  some  of  the  recommendations  contained  in  this  report 
may  have  already  been  completed  at  time  of  publication.    For  more  information, 
please  contact  the  local  municipality,  or  the  Water  Resources  Branch  of  the 
Ministry  of  the  Environment. 


Cette  publication  technique  n'est  disponible  qu'en  anglais. 


O 

PRINTED  ON 

RECYCLED  PAPER 

IMPRIME  SUR 

DU  PAPIER  RECYCLE 

PIBS    1334 


WATER  PLANT  OPTIMIZATION  STUDY 
PETERBOROUGH  WATER  TREATMENT  PLANT 

SUMMARY  OF  FINDINGS  AND  RECOMMENDATIONS 

The  purpose  of  the  Water  Plant  Optimization  Study  (WPOS)  is  to  document  and 
review  the  present  conditions  and  determine  an  optimum  treatment  strategy  for 
contaminant  removal  at  the  plant,  with  emphasis  on  the  removal  of  particulate 
materials  and  the  disinfection  processes. 

In  striving  for  excellence  in  water  treatment,  it  is  important  to  examine  all 
possible  approaches,  but  first,  optimum  use  should  be  made  of  the  processes 
already  in  place. 

This  optimization  study  is  a  beginning  and  not  an  end  to  itself;  it  is  the  start 
of  an  ongoing  documentation  of  the  operation  of  the  plant.  It  is  recommended 
that  this  document  be  updated  on  an  annual  basis. 

Considerable  strides  towards  optimization  of  the  Peterborough  Water  Treatment 
Plant  have  been  made  by  the  Peterborough  Utilities  Commission  operational  staff. 
The  Peterborough  Utilities  Commission  is  continually  expanding  its  water 
treatment  knowledge,  and  has  an  interest  in  research  work.  If  the  Peterborough 
facilities  were  determined  to  be  suitable  for  research  into  a  particular  aspect 
of  water  treatment,  the  Commission  would  be  receptive  to  considering  such 
initiatives. 

In  an  effort  to  optimize  particulate  removal  and  disinfection  at  the 
Peterborough  Plant,  this  study  suggests  the  following: 


PHYSICAL  IMPROVEMENTS 

•   Install  totalizers  on  each  filter  to  quantify  flows. 

Install  filter  effluent  turbidimeters  or  turbidity  monitoring  stations  to 
monitor  the  effluents  of  the  eleven  filters. 


STUDIES 


Conduct  laboratory  and/or  plant  scale  testing  to  evaluate  the  relative 
merits  of  blending  and  flash  mixing. 


STUDIES  (cont'd) 

Conduct  laboratory  and  plant  scale  testing  to  evaluate  the  optimum  coagulant 
and  the  merits  of  coagulant  aids. 

Conduct  plant  scale  studies  on  the  effects  of  flow  rate  on  the  flocculation 
tank  performance. 

Conduct  plant  scale  testing  to  evaluate  the  effect  of  lower  constant 
filtration  rates  on  filter  effluent  quality. 

Conduct  a  detailed  investigation  to  evaluate  the  relative  performances  of 
the  filters. 

Investigate  the  backwash  procedure  to  evaluate  the  optimum  rise  rates  and 
wash  water  volumes. 

Conduct  studies  to  evaluate  the  possible  methods  of  THM  reduction. 

OTHER  RECOMMENDATIONS 

Add  a  coagulant  at  all  times. 

•   The  Ministry  of  the  Environment  should  develop  a  surrogate  measurement  for 
chlorinated  by-products  for  use  in  water  plants  in  Ontario. 

Prepare  a  process  and  piping  diagram  (PAPD)  for  the  Peterborough  Water 
Treatment  Plant. 
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WATER  PLANT  OPTIMIZATION  STUDY 
PETERBOROUGH  WATER  TREATMENT  PLANT 

INTRODUCTION  AND  TERMS  OF  REFERENCE 

The  Ontario  Ministry  of  the  Environment  has  instituted  a  Drinking  Water 
Surveillance  Program,  consisting  of  a  continuously  updated  data  base  of  water 
quality  information  on  Ontario  water  treatment  plants.  In  connection  with  the 
surveillance  program,  a  specific  plant  investigation  and  process  evaluation 
study  is  desired  for  each  plant  entering  the  program.  The  study  is  to  document 
and  review  the  present  operating  conditions,  and  determine  an  optimum  treatment 
strategy  for  particulate  removal  and  disinfection  at  the  plant.  The  terms  of 
reference  for  this  Water  Plant  Optimization  Study  has  been  prepared  by  the 
Ministry,  and  is  included  at  the  back  of  the  report,  following  the  appendices. 
This  study  has  been  conducted  in  accordance  with  the  terms  of  reference. 

The  Peterborough  Utilities  Commission  is  responsible  for  the  water  supply  and 
distribution  system  for  the  City  of  Peterborough.  The  Peterborough  plant  also 
supplies  water  to  the  Woodland  Acres  Subdivision  in  Smith  Township.  This 
optimization  study  provides  a  detailed  examination  of  three  years  (1984  to  1986) 
of  daily  and  monthly  plant  operating  data,  a  description  of  the  facilities  in 
place  at  the  plant  and  their  operation,  and  recommendations  which  would  improve 
the  particulate  removal  and  disinfection  performance  of  the  plant. 

The  quality  of  the  Peterborough  treated  water  is  quite  good.  Microbiological 
testing  showed  no  positive  results  for  either  total  or  fecal  coliforms  for  the 
study  period  of  this  report;  turbidity  levels  were  generally  less  than  0.5  FTU, 
and  did  not  exceed  the  Ministry  of  the  Environment  objective  of  1  FTU. 
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SECTION  A 

RAW  WATER  SOURCE 

A.I     General  Quality 

The  Peterborough  Water  Treatment  Plant  draws  water  from  the  Otonabee  River.  The 
raw  water  quality  is  good. 

During  the  years  1984-1986,  the  general  raw  water  quality  parameters  varied  as 
fol  lows: 


Colour  (TCU) 

10  -  30 

(1) 

Turbidity  (FTU) 

0.2  -  1.25 

(1) 

Temperature  (°C) 

0.3  -  25 

(1) 

PH 

7.4  -  8.3 

(1) 

Hardness  (mg/L  as  CaC03) 

84  -  100 

(2) 

Alkalinity  (mg/L  as  CaC03) 

74  -  80 

(2) 

Aluminum  (mg/L) 

0.008  -  0.069 

(3) 

Iron  (mg/L) 

0.02  -  0.072 

(4) 

Manganese  (mg/L) 

0.012  -  0.014 

(4) 

Fecal  Coliform  (per  100  mL) 

0  -  >500 

(5) 

(1)  Values  recorded  in  daily  log  books  at  the  Peterborough  Filtration  Plant  for 
the  period  of  January  1984  to  December  1986. 

(2)  Values  recorded  on  Ministry  of  the  Environment  Forms  (1984)  kept  at  the 
Peterborough  Water  Filtration  Plant. 

(3)  Values  recorded  on  lab  results  sheets  from  outside  laboratories  and  MOE  lab 
kept  at  the  Peterborough  Water  Filtration  Plant. 

(4)  Values  recorded  on  monthly  MOE  lab  results  kept  at  the  Peterborough  Water 
Filtration  Plant. 

(5)  Values  recorded  on  daily  MOH  lab  result  sheets  kept  at  the  Peterborough 
Water  Filtration  Plant. 

A. 2     Security 

The  Peterborough  plant  is  downstream  of  the  village  of  Lakefield  where  some 
commercial  and  industrial  development  is  located  on  and  about  the  Otonabee 
River.  Thus,  there  exists  a  potential  for  contaminants,  such  as  metals  or 
sewage  waste,  to  appear  in  the  raw  water,  but  none  has  been  detected  to  date. 
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SECTION  B 

FLOW  MEASUREMENT 

B.l  Raw 

The  raw  water  is  pumped  out  of  the  low  lift  station  through  two  raw  water  mains; 
one  914  mm  concrete  and  one  760  mm  cast  iron.  Both  feed  into  one  914  mm  raw 
water  main. 

The  raw  water  flow  is  measured  by  a  914  mm  venturi  meter  located  in  the  basement 
of  the  high  lift  pumping  station/filter  building.  The  capacity  of  the  meter  is 
180  ML/d.  A  BIF  transmitter  sends  a  15  second  time  pulse  signal  to  the 
integrator  in  the  control  room.  The  raw  water  flow  is  recorded  on  a  305  mm 
diameter  chart  and  totalized  continuously  in  the  control  room.  The  totalized 
flow  is  recorded  every  24  hours  on  the  daily  record  and  totalled  for  the  day. 

B.2     Treated 

The  treated  water  is  routed  to  either  Zone  1  or  Zone  2.  The  Zone  2  electric 
pumping  station  is  located  at  the  plant;  the  Zone  1  combination  turbine-driven 
and  electric  pumping  station  is  located  approximately  1  km  downstream  of  the 
plant.  Zone  1  feeds  the  central,  east,  and  south  sections  of  Peterborough,  and 
Zone  2  feeds  the  northwest  and  southwest  sections  of  Peterborough. 

Zone  1  flow  to  the  west  side  of  the  river  is  measured  by  a  508  mm  venturi  meter 
and  a  406  mm  venturi  meter.  A  new  752  mm  probe  Magnetic  meter  has  been 
installed  on  the  suction  side  of  Zone  1,  which  measures  the  total  flow  to  both 
the  east  and  west  sides  of  the  river.  The  meter  has  a  maximum  capacity  of  113.5 
ML/d,  and  a  Pribusin  transmitter  sends  a  4-20  mA  signal  to  the  integrator  in  the 
control  room. 

Zone  2  flow  is  measured  by  a  760  mm  venturi  meter  which  has  a  maximum  capacity 
of  54.5  ML/d.  This  meter  was  installed  in  1976.  A  BIF  transmitter  sends  a  15 
second  time  pulse  signal  to  the  Zone  2  integrator  in  the  control  room. 
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B.2     Treated  (cont'd) 

The  Zone  1  and  2  flows  are  recorded  on  individual  charts,  and  are  totalized 

continuously  in  the  control  room.  The  total  treated  flow  is  also  recorded 

continuously  on  a  chart.  Each  flow  is  totalled  and  recorded  every  24  hours  on 
the  daily  record. 

B.3     Backwash 

There  are  two  backwash  pumps  which  discharge  into  a  610  mm  wash  water  header. 
The  flow  in  this  header  is  measured  by  a  610  mm  venturi  meter  which  has  a 
maximum  capacity  of  90  ML/d.  A  BIF  transmitter  sends  a  15  second  time  pulse 
signal  to  the  control  room.  Backwashing  is  normally  accomplished  by  using  one 
of  the  pumps. 

B.4     Filters 

There  are  six  original  filters,  numbered  1-6,  in  Plant  1.  Three  additional 
filters.  Filters  7-9,  were  added  to  Plant  1  in  1952.  Each  of  the  nine  filters 
have  separate  flow  meters;  each  of  these  flow  meters  have  a  maximum  capacity  of 
6.8  ML/d. 

In  1965,  two  filters  were  added  in  Plant  2.  Each  of  these  filters  has  a  350  mm 
insert  venturi  nozzle  flow  meter  with  a  maximum  capacity  of  29.5  ML/d. 

B.5     Validity 

If  no  leakage  were  to  occur,  the  raw  water  minus  the  backwash  water  would  equal 

the  treated  water  pumped  over  a  24-hour  period,  provided  there  was  no  net  change 

in  the  clearwell  level.  The  treated  water  flow  at  the  Peterborough  Water 
Filtration  Plant  is  calculated  on  this  basis. 
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B.5     Validity  (cont'd) 

The  total  plant  effluent  is  calculated  by  subtracting  the  measured  backwash 
water  flow  from  the  measured  raw  water  flow.  No  discrepancies  in  the  pumping 
record  arise  with  this  method  of  calculating  the  flowrates,  and  therefore,  the 
flow  data  in  Table  1.0  of  Appendix  A  shows  a  consistent  and  systematic  set  of 
information.  The  Zone  1  flow  is  calculated  by  subtracting  the  Zone  2  effluent 
from  the  calculated  plant  effluent.  The  Zone  1  flow  meter  is  used  for  chemical 
flow  pacing  only. 

There  are  no  absolute  minimum  effective  capacities  for  the  venturi  meters  which 
measure  the  raw  water  flow  and  the  treated  Zone  2  flow.  However,  unreliable 
flow  measurements  are  usually  experienced  when  the  flow  rate  is  less  than  20%  of 
the  meter's  capacity.  The  flow  data  shown  in  Table  1.0  of  Appendix  A  indicate 
that  the  minimum  flows  are  greater  than  20%  of  the  venturi  capacities. 

The  raw  and  Zone  2  treated  water  transmitters  are  calibrated  3  to  4  times  per 
year,  or  more  often  if  necessary,  by  Peterborough  Utilities  Commission  staff. 
The  Peterborough  Utilities  Commission  believes  these  flow  measurements  are  quite 
accurate.  The  backwash  water  flow  measurement  is  also  considered  to  be 
accurate,  and  this  transmitter  is  calibrated  at  least  once  a  year. 

The  per  capita  flow  data  provided  in  Table  1.1  of  Appendix  A  includes  a  fairly 
high  average  and  maximum  daily  flow.  The  policy  of  the  Peterborough  Utilities 
Commission  to  charge  single  family  residential  customers  and  small  commercial 
customers  on  a  variable  flat  rate  basis  may  influence  the  relatively  high  per 
capita  flows. 

In  the  mid  to  late  1970 's,  a  comprehensive  leak  detection  survey  of  the  entire 
distribution  system  was  carried  out,  and  only  small  insignificant  leakage  in  the 
distribution  watermains  and  public  water  services  was  uncovered.  Since  then, 
the  per  capita  flows  have  risen  in  proportion  to  the  increased  development.  The 
relatively  high  average  and  maximum  per  capita  flows  do  not  appear  to  be  a 
result  of  distribution  system  leakage. 
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SECTION  C 

PROCESS  COMPONENTS 

C.I  General 

This  section  includes  detailed  information  on  Design  Data  and  the  Chemical 
Systems. 

This  section  also  contains  a  series  of  photographs  to  illustrate  the  major  plant 
components  and  chemical  feed  systems. 

C.2     Design  Data 

(a)     Plant  Capacity 

The  original  plant,  consisting  of  Filters  1-6  in  Plant  1,  was  built  in  1922.  It 
includes  settling,  filters,  and  appropriate  pumping.  Since  1922,  the  plant  has 
undergone  expansions  in  1952  and  1965.  Filters  6-9  were  added  to  Plant  1  in 
1952.  The  construction  of  mixing  chambers  preceeding  the  settling  tanks 
occurred  in  1965.  Filters  1  and  2  were  added  to  Plant  2  during  this  expansion. 

Numerous  piping,  pumping,  and  instrumentation  changes  have  occurred  over  the 
years. 

The  capacity  (hydraulic)  of  the  facilities  is  approximately  100  ML/d,  with  a 
present  average  daily  flow  of  about  50  ML/d.  All  of  the  operating  data 
presented  herein  are  based  on  flows  of  50  and  100  ML/d.  For  the  purposes  of 
this  report,  it  has  been  assumed  that  the  raw  water  flow  splits  evenly  between 
the  two  sets  of  mixing  chambers. 

The  hydraulic  design  capacities  of  the  filters  are  shown  on  the  following  page: 
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FIGURE  I 
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(a) 


Plant  Capacity  (cont'd) 


1      1              1  ORIGINAL 
1  YEAR  1   DESCRIPTION   I  CAPACITY 
1      1              1   (ML/d) 

Original   1  1922  1  Filters  1-6   1    40.8 

1     - 1             1  - 

II             1 
Expansions  1  1952  1  Filters  7-9   1 

1      1  Plant  1      1    20.4 

1      1             1 

1  1965  1  Filters  1-2   1 

1      1  Plant  2      1    59 

1      1             1 

TOTAL          1   120.2 

Although  the  sum  of  the  individual  filter  hydraulic  capacities  is  120  ML/d,  the 
nominal  capacity  (hydraulic)  of  the  plant  is  limited  to  approximately  100  ML/d 
due  to  hydraulic  restrictions  before  and  after  the  filters. 


(b)     Intake 

Twin  intakes 


1922,  22  m   long,  760  mm  diameter  cast  iron  pipe. 


These  twin  intakes  consist  of  an  open  end  of  pipe  in  a 

concrete  headwell.  There  is  no  crib.  Each  intake  has  a 

capacity  of  approximately  90  ML/d.  The  submerged  depth  is 
about  2  m  ±  0.3  m. 


(c) 


Intake  Well 


The  intake  pipes  terminate  with  isolation  valves  in  a  concrete  intake  well  just 
before  the  stationary  water  screens. 

Chlorine  is  added  in  the  intake  well. 
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(d) 


Screening 


There  are  six  stationary  water  screens,  1.2  m  x  1,2  m.  The  mesh  material  is 
3  mm  diameter  galvanized  steel  wire  with  25  mm  openings.  The  screens  are 
cleaned  manually  as  required.  The  most  frequent  cleaning,  perhaps  once  a  month, 
occurs  in  the  fall,  when  the  debris  consists  of  leaves.  When  the  river  is  not 
covered  with  ice  in  the  winter,  frazile  ice  problems  may  occur,  and  the  screens 
are  cleaned  as  required  to  prevent  this.  The  frazile  ice  usually  forms  during 
the  night,  and  the  screens  may  require  cleaning  as  often  as  once  every  6  hours. 


(e) 


Low  Lift  Pumping 


There  is  one  low  lift  suction  well,  3.4  m  x  3.7  m  x  6.7  m  deep,  and  four  low 
lift  pumps. 


1  PUMP 
1   NO. 

YEAR 
INSTALLED 

TYPE 

CAPACITY 
(ML/d) 

POWER 
(kW) 

HEAD 
(m) 

MANUFACTURER 

1    1 
1   2 
1   3 
1   4 

1950 
1984 
1966 
1976 

Electric 
Electric 
Elec. /Diesel 
Electric 

13.6 
45.4 
45.4 
63.6 

44.7 
111.9 
111.9 
186.4 

21.3 
18.3 
18.9 
18.9 

Al  1  is  &  Chalmers 
Worthington 
All  is  &  Chalmers 
Allis  &  Chalmers 

T( 

DTAL  INSTALLED 
FIRM  CAPACITY 

168 
104 

(f) 


Flash  Mixing 


There   is  no  flash  mixing  at  the  Peterborough  plant, 


(g) 


Flocculation 


All  flocculation  tanks  are  hydraulic  spiral  upflow  and  are  made  of  concrete. 
Raw  water  enters  the  middle  cell  of  the  flocculation  tanks  and  flows  to  either 
adjacent  cell  before  entering  a  settling  tank. 
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(g)     Flocculation  (cont'd) 

Flocculation  tanks  No.  1  feed  settling  tank  Nos.  1  and  2,  and  flocculation  tanks 
No.  2  feed  settling  tank  Nos.  3  and  4.  The  total  volume  of  the  flocculation 
tanks  is  1045  m^.  Both  sets  of  tanks  are  identical  and  consist  of  three 
concrete  cells,  each  5.3  m  x  5.3  m  x  6.2  m  deep.  Assuming  a  50  percent  split  of 
flows  between  the  two  sets  of  tanks,  the  flocculation  detention  times  at  100  and 
50  ML/d  are  15  and  30  minutes,  respectively. 

The  mixing  velocity  gradients  in  the  flocculation  tanks  have  been  estimated 
based  on  a  mixing  energy  input  equivalent  to  the  loss  of  momentum  of  the  water 
entering  the  tanks.  This  is  a  conservative  estimate  of  the  total  mixing,  since 
other  energy  losses  occur  during  passage  of  the  water  from  one  tank  to  another. 
This  additional  mixing  energy  could  result  in  G  values  which  are  as  much  as  25 
percent  higher.  The  actual  energy  loss  can  be  obtained  from  precise  hydraulic 
tests. 

Useful  flocculation  velocity  gradients  range  from  100  to  <10  sec  "'.  A 
"tapered"  or  stepped  series  should  be  used;  the  highest  mixing  is  provided 
initially,  progressing  through  a  series  of  cells  of  decreasing  mixing  levels. 
Additionally,  the  dimensionless  parameter,  Gt,  which  is  the  product  of  velocity 
gradient  and  the  duration  of  mixing,  is  a  most  useful  parameter  which  usually 
must  have  values  within  the  range  of  10"  to  10\ 

Estimated  Velocity  Gradient  at  10°C: 

Flocculation         25  ML/d  50  ML/d 

Tanks  1  or  2        (Each  Tank)       (Each  Tank) 

Cell  1  G  =  35  s"^  G  =  102  s"^ 
Cell  2  or  3  G  =  6  s"^  G  =  14  s'^ 
Overall         Gt  =  3.9  x  10"     Gt  =  2.9  x  10" 

Total  Plant  Flow      50  ML/d         100  ML/d 
(h)     Settling  Tanks 

The  settling  tanks  are  horizontal  cross-flow  and  are  made  of  concrete. 


(h)     Settling  Tanks  (cont'd) 

There  are  four  identical  settling  tanks,  each  approximately  10.4  m  x  34.5  m  x 
5.1  m  deep.  The  total  volume  and  surface  areas  of  the  settling  tanks  are  7320 
m^  and  1435  m^  ,  respectively.  Assuming  an  even  split  of  flow  to  the  four  tanks, 
the  settling  detention  times  at  100  and  50  ML/d  are  105  and  210  minutes, 
respectively.  For  similar  flow  conditions,  the  overflow  rates  are  2.9  and  1.45 
m/h,  respectively. 

(i)     Filters 

The  Peterborough  Water  Filtration  Plant  has  a  total  of  11  filters.  Plant  1  has 
nine  filters,  numbered  1  to  9  and  Plant  2  has  two  filters  numbered  1  and  2.  The 
information  on  filter  media  is  based  on  information  provided  by  the  Planx 
Superintendent. 

All  filter  boxes  are  constructed  of  concrete,  and  all  filters  have  surface 
agitators.  The  filters  have  constant  rate  controllers  with  clearwell  level 
override;  however,  the  filters  do  not  always  operate  at  a  constant  rate.  The 
operator  manually  adjusts  the  filtration  rates  throughout  the  day  to  maintain 
the  clearwell  and  settled  water  levels. 

Filters  1  and  2  in  Plant  2  are  operated  all  of  the  time  and  filter  approximately 
60%  of  the  settled  water  flow.  Filters  5-9,  Plant  1  are  operated  most  of  the 
time,  but  at  a  lower  filtration  rate  than  those  in  Plant  2.  Filters  1-4,  Plant 
1  are  sand  filters.  These  operate  at  the  lowest  filtration  rate,  and  are  not 
operated  all  of  the  time.  When  these  filters  are  converted  to  dual  media  in 
1988,  the  filtration  rates  should  be  similar  to  Filters  5-9. 

The  Peterborough  Utilities  Commission  comments  that  shorter  filter  runs  are 
experienced  with  the  Ecodyne  nozzle  underdrains  (Plant  1,  Filter  8).  The  length 
of  the  filter  runs  with  Ecodyne  underdrains  are  approximately  60%  to  70%  of  the 
filter  runs  experienced  with  Leopold  block  underdrains  (Plant  1,  Filters  7  and  9 
and  Plant  2,  Filters  1  and  2). 


(i) 


Filters  (cont'd) 


FILTERS   1-6.   PLANT   1    (1922) 


W 
(m) 

L 
(m) 

(1)   1 

D   1 

(m)   1 

SURFACE 
AREA 

Individual 

5.34 

7.32 

2.74  1 

39.1 

Total 

1   234.5 

NOTES: 

(1)  D  (m)  is  depth  of  water  in  the  filter  box  in  metres. 
Filters  1-6  have  copper  lateral  underdrains. 
The  filter  media  depth  is  as  follows: 


1         DEPTH  (m) 

1   ^^""^^^^^^   1  Filters  1-4*  i  Filters  5-6 
1   Size  (mm)   |             | 

1  Anthracite   1  0.9  -  1.2   1      -      1     0.305 

1  Sand  #2      1  0.5  -  0.8   1     0.508     1     0.356 

1  Sand  #1      1   1.19  -  2.38  1      -      1     0.051 

1  Gravel      1   1.59  -  3.18  1     0.076     1 

1  Gravel      1  3.18  -  6.35  1     0.089     1 

1  Gravel      1  6.35  -  12.7  I     0.089     1 

1  Gravel      1   12.7  -  19.0  1     0.102     I 

1  Gravel      1  2.36  -  4.7   I      -      |     0.076 

1  Gravel      1  4.7  -  9.5   1      -      1     0.051 

1  Gravel      1  9.5  -  19.0  1      -      1     0.051 

1  Gravel      1   19.0  -  38.1   1     0.102     1     0.051 

*  Filters  1-4  will  be  changed  to  dual  media  (same  as  Filters  7&9)  in  1988, 
and  will  have  Leopold  block  underdrains  installed. 
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(i) 


Filters  (cont'd) 


FILTERS  7-9,    PLANT   1   (1952) 


W 

L 
(m) 

(1) 
D 

(m) 

SURFACE 
AREA 

Individual 

5.34  1 

7.32 

2.74 

39.1 

Total 

1 
1 

1 

117.3 

NOTES: 

(1)  D  (tn)  is  depth  of  water  in  the  filter  box  in  metres. 
Filters  7  and  9  have  Leopold  clay  underdrains. 
Filter  8  has  Ecodyne  nozzle  underdrains. 
The  filter  media  depth  is  as  follows: 


DEPTH 

(m) 

Particle 
Size  (mm) 

Filters  7 

&  9  1 

F 

il  ter  8 

Anthracite 

0.9  -  1.2 

0.432 

0.432 

Sand  #2 

0.5  -  0.8 

0.152 

0.152 

Sand  #1 

1.19  -  2.38 

0.075 

0.127 

Gravel 

2.36  -  4.7 

0.051 

- 

Gravel 

4.7  -  9.5 

0.051 

- 

Gravel 

9.5  -  19.0 

0.051 

- 
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(i) 


Filters  (cont'd) 


FILTERS   1-2,   PLANT  2   (1965) 


W 
(m) 

L 
(m) 

(1) 

D 

(m) 

SURFACE 
AREA 
(m^) 

Individual 

6.55 

12.8 

3.05 

83.9 

Total 

167.8 

NOTES: 

(1)  D  (m)  is  depth  of  water  in  the  filter  box  in  metres. 
Filters  1  and  2  have  Leopold  clay  underdrains. 
The  filter  media  depth  in  Filters  1  and  2  is  as  follows; 


DEPTH  (m) 

Particle 
Size  (mm) 

Filters  1  &  2 

i  Anthracite 

0.9  -  1.2 

0.305 

1  Sand  #2 

0.5  -  0.8 

0.229 

1  Sand  #1 

1.19  -  2.38 

0.076 

1  Gravel  #4 

2.36  -  4.7 

0.051 

1  Gravel  #3 

4.7  -  9.5 

0.076 

1  Gravel  #2 

9.5  -  19.0 

0.076 
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(i)      Filters  (cont'd) 

Raw  Turbidity  Range  (FTU) 

Effluent  Turbidity  Range  (FTU) 
Length  of  Run 


Flow  Rate 


Backwash  Flow 


Water  Filtered/Cycle  + 


Backwash  Water/Wash  - 


0.22  -  1.25  Based  on  readings  obtained  by  the 
lab  technician  taking  a  daily  raw  water  grab 
sample  and  measuring  the  turbidity  with  the 
laboratory  HF  Model  DRT  1000  turbidimeter. 

0.12  -  0.51  Based  on  readings  obtained  by  the 
lab  technician  taking  a  daily  plant  effluent 
grab  sample  and  measuring  the  turbidity  with  a 
laboratory  HF  Model  DRT  1000  turbidimeter. 

24  hours,  based  on  summer  raw  water  quality 
and  average  flows.  Filter  runs  can  be  as 
short  as  12  hrs.  with  poor  summer  conditions, 
or  as  long  as  10  days  or  more  with  good  winter 
conditions,  based  on  a  head  loss  of  1.8  m. 
(Filter  runs  as  long  as  30  days  in  1970  did 
not  experience  any  problems). 


Headloss  (Clean  Bed/Dirty  Bed)    0.3  -  1.83  m. 


Total 

Flow 

(ML/d) 

100 
50 


Split 

Flow 

(ML/d) 

40/60 
20/30 


Filtration  Rate 


Plant  2 
Filters  1-2 

14.9  m/h** 
7.45  m/h 


(Plant  1) 
Filters  1-6 

(Plant  1) 
Filters  7-9 

(Plant  2) 
Filters  1-2 

Filters  1-4 

Filters  5-9 

Filters  1-2 


Plant  1 
Filters  1-9* 

4.7  m/h 
2.35  m/h 

low  20  m/hr 
high  26  m/hr 

low  17  m/hr 
high  31  m/hr 

low  10  m/hr 
high  23  m/hr 


30-60  mVm^  range  (Plant  1) 
50-115  mVm^  range  (Plant  1) 
125-240  mVm^  range  (Plant  2) 


Plant  1:   4.1  -  4.6  mVin^  range 
Plant  2:   5.4  -  6.8  mVm^  range 


* 


Assuming  filtration  rates  through  Filters  1-9  are  equal. 

Exceeds  MOE  Design  Guidelines,  however,  given  the  low  raw  water  turbidity, 

the  solids  loading  is  correspondingly  low,  even  at  these  higher  flowrates. 

Amount  of  water  filtered  through  various  filters  between  backwashes, 

expressed  as  a  volume  of  filtered  water  per  unit  area  of  filter  bed, 

on  estimates  provided  by  the  Utilities  Commission  but 

tests. 

Volume  of  water  used  to  backwash  a  filter,  expressed  as  a 

per  unit  area  of  filter  bed. 


not 
volume 


based 
confirmed  by 


of  water 
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(i) 


Filters  (cont'd) 


The  backwash  water  system  consists  of  two  centrifugal  pumps  which  draw  water 
from  the  Plant  No.  2  clearwell,  each  with  a  rated  capacity  of  45.4  ML/d  at  a 
head  of  about  15  m  of  water. 


(J) 


Clearwells 


There  are  two  clearwells  and  a  reservoir  at  the  Peterborough  Water  Filtration 
Plant.  All  are  constructed  of  concrete. 


Clearwell  under  Plant  1 
Clearwell  under  Plant  2 
Reservoir 

TOTAL 


0.615  ML 

0.940  ML 

9.7  ML 

11.255  ML 


(k) 


High  Lift  Pumping 


The  Zone  1  high  lift  pumping  station  has  a  cast  iron  suction  header.  The  Zone  2 
high  lift  pumping  station  has  concrete  pipe  as  a  suction  header.  The  Zone  1 
pumphouse  is  located  approximately  1  km  downstream  of  the  plant. 

All  Zone  1  pumps  are  horizontal  turbine. 
All  Zone  2  pumps  are  vertical  centrifugal. 


1         IPUMPI                1  CAPACITY  1  POWER  1  HEAD  I  MANIIFAfTllRFR 
1   P^^PS  1  NO.I      ^^^^      1   (ML/d)   1  (kW)   1  (m)   I  MANUFACTURER 

1  Zone  11   11  Water  Turbine  1   17.7    1  186.4  1  74.7  I  Dominion  Engineering 

1       12  1  Water  Turbine  1   17.7    1  186.4  I  74.7  I  Dominion  Engineering 

1       13  1  Electric      1  27.2    1  298.3  1  74.7  I  Ingersol  Rand 

1       1  4  1  Water  Turbine/  1         ill 

1       1    1  Electric      i  20.4    I  261.0  1  74.7  I  Dominion  Engineering 

1       15  1  Electric      1   17.7    I  223.7  I  74.7  1  DeLaval 

1  Zone  2  111  Electric/Diesell   13.6    1  149.1  1  79.3  1  Allis  &  Chalmers 

1       12  1  Electric      1  22.7    I   74.6  1  79.3  1  Worthington 

1       13  1  Electric      1   18.2    1  223.7  1  79.3  1  Allis  &  Chalmers 

TOTAL  INSTALLED  1  155.2    1 
FIRM  CAPACITY  |  128      ' 
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(k)  High  Lift  Pumping  (cont'd) 

There  is  a  common  chemical  application  point  on  the  suction  side  of  the  high 
lift  piping  where  chlorine  and  fluoride  are  applied  which  is  refered  to  as  the 
"junction  chamber". 

(I)  Backwash  Treatment 

Presently,  the  plant  has  no  waste  treatment  facilities.  The  backwash  water  is 
drained  directly  into  the  Otonabee  River.  The  City  of  Peterborough  Water 
Pollution  Control  study  investigated  the  effect  of  the  backwash  water  discharge 
on  the  Otonabee  River.  The  test  results  indicated  that  the  total  and  fecal 
coliform  levels  of  the  discharge  were  zero. 

(m)  Settling  Tank  Waste 

The  settling  tank  sludge  is  also  drained  into  the  Otonabee  River.  The  tanks  are 
cleaned  approximately  once  a  month  from  May  to  October.  A  coagulant  is  not  used 
during  the  winter  months,  and  therefore,  the  settling  tanks  do  not  require 
cleaning  during  those  months. 

C.3  Chemical  Systems 

(a)  Disinfectant 

Chlorine  is  stored  as  a  liquid  in  0.9  tonne  cylinders. 

Application  points: 

Pre-     Intake  well,  just  upstream  of  the  screens. 

Post-    Junction  chamber  (common  point  before  Zone  1  and  Zone  2  high  lift 
suctions) 

Equipment: 

Pre-     2  -  909  kg/d  Wallace  &  Tiernan  gas  chlorinator 

1  -  Wallace  &  Tiernan  continuous  chlorine  analyzer 

Post-     1  -  227  kg/d  Wallace  &  Tiernan  gas  chlorinator  (or  sulphonator) 

1  -  Wallace  &  Tiernan  continuous  chlorine  analyzer  for  compound  loop 
control  of  chlorine  feed  (or  sulphur  dioxide  feed)  based  on 
chlorine  residual . 
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(a)  Disinfectant  (cont'd) 

As  only  one  pre-chlorine  feeder  is  used  at  a  time,  the  total  pre-chlorine  feed 
rate  is  909  Kg/d.  This  results  in  a  maximum  dosage  of  9.1  and  18.2  mg/L  for  100 
and  50  ML/d,  respectively.  The  post  chlorine  feed  rate  of  227  Kg/d  results  in  a 
maximum  dosage  of  2.3  and  4.5  mg/L  for  100  and  50  ML/d,  respectively. 

(b)  Coagulant 

The  liquid  coagulant,  alum  or  polyaluminum  chloride  (PACl)  is  stored  in  two 
fibreglass  storage  tanks.  The  capacity  of  each  tank  is  15,890  L.  At  the  time 
of  this  study,  PACl  was  used  as  the  coagulant. 

PACl  is  fed  directly  from  the  storage  tanks  with  a  single-head  diaphragm 
metering  pump.  There  is  an  abandoned  500  L  day  tank  which  is  part  of  the 
system.  The  metering  pump  has  a  manual  stroke  adjustment,  and  the  speed  is  flow 
paced  from  the  time  pulse  raw  water  flow  signal.  The  metering  pump  has  a 
converter  which  changes  the  signal  from  a  time  pulse  to  a  4-20  mA  signal.  The 
pump  is  a  Wallace  &  Tiernan  Model  44-115  metering  pump  with  a  maximum  capacity 
of  6.3  L/min.  The  maximum  dosage  capacity  of  the  pump  is  59  and  118  mg/L  for 
100  and  50  ML/d,  respectively. 

In  the  near  future,  a  second  chemical  metering  pump  will  be  added  at  the 
Peterborough  plant.  The  pump  will  be  a  Milton  Roy  Model  SFR162-96  metering  pump 
with  a  maximum  capacity  of  3.785  L/min.  The  pump  has  a  manual  stroke  adjustment 
and  the  capability  for  adding  a  process  controller. 

The  PACl  is  applied  via  a  diffusor  into  the  raw  water  header.  The  present  use 
of  PACl  is  on  a  trial  basis.  The  plant  may  return  to  using  alum  as  its 
coagulant. 

(c)  Fluoride 

Fluoride  is  added  in  the  form  of  hydrof luosi 1 icic  acid.  The  acid  is  stored  in 
two  11,350  fiberglass  tanks  with  PVC  bag  liners. 
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(c)  Fluoride  (cont'd) 

Fluoride  is  fed  from  one  of  two  450  L  day  tanks  with  a  dual-head  diaphragm 
metering  pump.  The  speed  of  the  metering  pump  is  flow  paced  from  the  summated 
treated  water  time  pulse  signal.  The  addition  of  fluoride  is  controlled  by  a 
compound  loop  system.  The  one  head  of  the  pump  has  a  manual  stroke  adjustment 
while  the  other  pump  head  is  dosage  controlled  by  a  4  to  20  mA  signal  from  the 
fluoride  analyzer. 

The  pump  is  a  Wallace  &  Tiernan  Model  44-222  metering  pump  with  a  maximum 
capacity  of  0.76  L/min.  The  maximum  dosage  capacity  of  the  pump  is  2.6  and  5.2 
mg/L  for  100  and  50  ML/d,  respectively. 

The  application  point  is  at  xhe  junction  chamber  (common  point)  before  the 
treated  water  separates  to  go  to  Zones  1  and  2.  The  compound  loop  fluoride 
analyzer  samples  the  Zone  2  plant  effluent. 

(d)  Dechlorination 

Sulphur  dioxide  is  stored  as  a  liquid  in  0.9  tonne  cylinders. 

The  application  point  is  at  the  junction  chamber  (common  point)  before  the 

treated  water  separates  to  go  to  Zones  1  and  2.   The  superchlorination/ 

dechlorination  process  is  practiced  during  extremely  cold  and  warm  raw  water 
conditions. 

Equipment: 

1  -  227  kg/d  Wallace  &  Tiernan  sulphonator  (or  chlorinator) 

1  -  Wallace  &  Tiernan  continuous  chlorine  analyzer  for  compound 
loop  control  of  sulphur  dioxide  feed  (or  post  chlorine  feed) 
based  on  chlorine  residual. 

The  total  sulphur  dioxide  feed  rate  of  227  Kg/d  results  in  a  maximum  dosage  of 
2.3  and  4.5  mg/L  for  100  and  50  ML/d,  respectively. 
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(e)  Taste  and  Odour 

The  Peterborough  plant  has  powdered  activated  carbon  feed  equipment  which  was 
used  for  several  weeks  in  1980-1981  to  reduce  taste  and  odour  problems. 

The  powdered  activated  carbon  is  stored  in  bags.  It  is  manually  loaded  into  a 
Wallace  &  Tiernan  dry  feeder.  The  capacity  of  the  feeder  is  180  Kg/d;  thus,  the 
maximum  dosages  are  1.8  and  3.6  mg/L  for  100  and  50  ML/d,  respectively. 

The  powdered  activated  carbon  is  normally  applied  into  the  low  lift  suction 
wel  1 . 

C.4      Drawings 

(a)  Site  Plan 

Following  is  a  site  plan  of  the  Peterborough  Water  Treatment  Plant. 

(b)  Process  and  Piping  Diagram 

A  process  flow  and  .piping  diagram  was  not  available  from  the  record  drawings. 

(c)  Block  Schematic 

Following  is  a  block  flow  diagram  of  the  Peterborough  Plant. 

(d)  Photographs 

Following  is  a  series  of  photographs  to  illustrate  major  components  and  chemical 
feed  systems. 
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ADMINISTRATION  BUILDING  -  WALKWAY  TO  PLANT  2  AT  LEFT 
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LEFT      -  RAW  WATER  SAMPLE  PUMP 

RIGHT  -  INTAKE  WELL  CHLORINATION  APPLICATION  POINT 


STATIONARY  WATER  SCREENS 
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RAW  AND  TREATED  WATER  FLOW  TRANSMITTERS 


ALUM  APPLICATION  POINT  INTO  RAW  WATER  HEADER 
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FLUORIDE  METERING  PUMP 


COAGULANT  METERING  PUMP 


-23- 


z 
< 

I- 

LU 

< 

ce 
o 

I- 
(/) 

CD 
u. 

CO 

X 


-24- 


POWDERED  ACTIVATED  CARBON  HOPPER 
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MIXING  CHAMBERS 


SETTLING  TANKS 
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L  TO  R;     SETTLED  WATER  LEVEL  TRANSMITTER 

SETTLED  WATER  SAMPLE  PUMP  (PLANT  1) 


L 


PLANT  2  SAMPLE  PUMPS 
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CHLORINATORS  AND  SULPHONATOR 


PLANT  1,  FILTER  9  -  FILTER  CONTROL  PANEL 
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FILTERS 


PLANT  1,  FILTERS  5  AND  6 
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PLANT  1,  FILTER  9  EFFLUENT  FILTER  PIPING 


LABORATORY 
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PLANT  2  -  CLEARWELL  LEVEL  TRANSMITTER 
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RESERVOIR 


HIGH  LIFT  PUMPS  (ZONE  2) 
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PETERBOROUGH  PUMP  HOUSE  (ZONE  1) 


HIGH  LIFT  PUMP 
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TURBINE  DRIVEN  HIGH  LIFT  PUMP 
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SECTION  D 
PLANT  OPERATION 


SECTION  D 
PLANT  OPERATION 

D.1  Description 

(a)  General 

The  operation  of  this  plant  is  good.  The  plant  effluent  turbidity  is 
consistently  below  1.0  FTU  and  usually  less  than  0.5  FTU.  The  total 
trihalomethanes  range  from  20  to  284  yg/L. 

(b)  Flow  Control 

RAW  WATER 

The  raw  water  control  system  consists  of  valves  which  are  modulated  by  the 
signal  of  either  of  two  settled  water  level  transmitters.  If  the  raw  water  flow 
is  more  than  the  combined  filter  flows,  the  rising  settled  water  level  would 
cause  the  raw  water  control  valve  to  close.  The  reverse  control  mode  would  also 
occur. 

FILTRATION 

The  above  control  system,  which  serves  all  the  filters,  is  not  normally  used  at 
the  Peterborough  plant.  Instead,  the  filter  flow  rates  are  manually  adjusted  by 
the  operator  to  match  the  low  lift  pump  flow  rate.  The  settled  water  conduit 
level  has  high  and  low  alarms  so  the  operator  is  alerted  if  the  level  is  outside 
of  the  control  band.  In  Plant  1,  this  control  band  is  125  mm,  and  in  Plant  2, 
it  is  175  mm.  Normally  the  operators  adjust  the  flow  rate  before  the  alarms. 
This  manual  mode  of  operation  causes  constant  changes  to  filter  flow  rates, 
particularly  during  filter  backwashing. 

The  plant  production  is  dictated  by  the  plant  clearwell  level,  which  is 
maintained  at  a  level  between  1.8  m  to  3.1  m  water  depth. 
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(b)  Flow  Control  (cont'd) 

HIGH  LIFT  PUMPING 

The  Zone  1  high  lift  pumping  units  provide  water  for  the  distribution  system  and 
to  fill  the  Clonsilla  Reservoir  which  is  maintained  at  a  level  of  between  3  to  5 
m  water  depth.  The  Zone  1  high  lift  pumps  also  feed  the  High  Street  Tank,  which 
varies  between  1.5  m  and  7.0  m.  The  pressure  in  Zone  1  at  the  pumphouse  is  not 
allowed  to  exceed  555  KPa  (95  psi). 

The  Zone  2  high  lift  pumping  units  provide  water  to  the  distribution  system  as 
well  as  fill  the  Tower  Hill  Reservoir,  which  is  maintained  at  a  level  of  between 
3.7  and  5.2  m  water  depth. 

(c)  Filter  Backwashing 

The  main  criteria  for  initiating  backwash  procedures  at  the  Peterborough  plant 
is  headloss.  A  filter  is  backwashed  when  the  headloss  through  the  filter  is 
1.83  m  (6  ft.)  The  filters  do  not  have  individual  effluent  turbidimeters; 
therefore,  turbidity  breakthrough  is  not  used  as  a  criteria  for  backwashing  a 
specific  filter.  A  copy  of  the  backwashing  procedure  for  the  Peterborough  plant 
is  included  in  Appendix  B. 

Filters  1  and  2  in  Plant  2  appear  to  filter  more  water  between  backwashes  than 
Filters  1-9  in  Plant  1.  This  is  discussed  further  in  Section  E.3(d).  A  filter 
may  be  backwashed  before  a  1.83  m  head  loss  is  experienced,  especially  during 
the  summer  months  when  the  water  demand  is  higher.  The  operators  will  backwash 
a  filter  earlier  than  required  to  ensure  sufficient  water  is  produced  during  the 
peak  times  of  the  day.  During  these  peak  demand  times,  a  filter  should  not  be 
taken  out  of  service  for  backwashing,  and  the  filter  needs  to  be  clean  to 
produce  water  at  a  high  rate. 

The  filter  runs  can  be  as  short  as  12  hours  with  poor  summer  conditions,  or  as 
long  as  10  days  or  more  with  good  winter  conditions. 
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(c)  Filter  Backwashing  (cont'd) 

For  Plant  1,  Filters  7-9,  the  low  and  high  backwash  rates  of  17  and  31  m/h 
provide  a  bed  expansion  of  approximately  0%  and  14%,  respectively,  at  15°C.  As 
noted  earlier,  the  volume  of  water  used  during  a  backwash  is  4.1  to  4.6  mVm^. 
Previous  experience  indicates  that  a  wash  volume  of  4.0  to  5.0  m^/m^  should 
adequately  clean  a  filter  bed,  and  the  wash  volumes  for  Plant  1  fall  within  this 
range. 

For  Plant  2,  the  low  and  high  backwash  rates  of  10  and  26  m/h  provide  a  bed 
expansion  of  approximately  0%  and  9%,  respectively,  at  15°C.  Consideration 
should  be  given  to  providing  higher  backwash  rates.  The  wash  volumes  used  in 
Plant  2  are  somewhat  higher  than  Plant  1,  ranging  from  5.4  to  6.8  rnVm^.  These 
wash  volumes  exceed  the  range  of  4.0  to  5.0  m^/m^. 

The  backwash  procedure  should  be  investigated  to  determine  the  relative 
durations  of  the  low  and  high  wash  rates  so  as  to  minimize  the  resultant 
backwash  water  volume.  The  backwash  must  continue  to  maintain  the  long  term 
cleaning  of  the  filters. 

(d)  Chemical  Dosage  Control 

There  are  three  chemical  application  points  in  the  Peterborough  Water  Filtration 
Plant:  one  in  the  low  lift  suction  well,  one  in  the  raw  water  header,  and  one 
at  the  treated  water  junction  chamber  (common  point). 

Chlorine  is  added  in  the  low  lift  suction  well.  The  coagulant  is  added  in  the 
raw  water  header.  Chlorine  or  sulphur  dioxide,  and  fluoride  is  added  at  the 
junction  chamber. 

CHLORINE 

Pre-chlorine  is  added  to  obtain  a  specific  free  residual  in  the  settled  water. 
The  value  of  this  desired  free  chlorine  residual  is  dependent  upon  the 
temperature  and  pH  of  the  raw  water  and  whether  a  coagulant  is  being  used.  The 
Peterborough  plant  strives  to  achieve  the  following  free  chlorine  residuals  in 
the  settled  water: 
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(d) 


Chemical  Dosage  Control  (cont'd) 


Desired  Settled  Water 

Raw  Water  Condition 

Free  Chlorine  Residual 

(mg/L) 

Extremely  cold  water 

(2°C  or  less) 

2.5 

No  coagulant  added 

Cold  water 

0.8  -  1.0 

Coagulant  added 

Warm  water 

1.5  -  2.5 

Coagulant  added 

The  free  chlorine  residual  is  continuously  analyzed  and  recorded  on  a  chart. 

During  the  extremely  cold  and  the  warm  raw  water  conditions,  the  process  of 
superchlorination  is  used.  The  superchlorination  process  consists  of 
maintaining  a  high  pre-chlorine  free  residual,  followed  by  post-residual 
controlled  dechlorination  with  sulphur  dioxide.  In  Peterborough's  case,  the 
higher  settled  water  free  chlorine  residual  is  maintained  during  the  extremely 
cold  raw  water  conditions  to  ensure  complete  disinfection,  since  no  coagulant  is 
used  at  this  time.  During  the  warm  water  conditions,  superchlorination  is  used 
to  ensure  disinfection,  to  control  taste  and  odour  problems,  and  to  compensate 
for  the  shorter  contact  times  experienced  during  the  summer  months  due  to  the 
increased  flow  rates. 


At  all  times,  a  free  chlorine  residual  of  some 
mixing  chambers,  settling  tanks  and  filters. 


degree  persists  through  the 


Post-chlorine  or  sulphur  dioxide  is  added  to  the  plant  effluent  to  achieve  a 
total  chlorine  residual  of  1.4  mg/L  at  all  times.  A  total  chlorine  residual  of 
1.4  mg/L  is  maintained  to  ensure  that  a  chlorine  residual  exists  in  all  parts  of 
the  distribution  system.  The  plant  effluent  total  chlorine  residual  is 
continuously  analyzed  and  recorded  on  a  chart. 
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(d)  Chemical  Dosage  Control  (cont'd) 

COAGULANT 

Alum  dosages  vary  between  0  and  43  mg/L,  with  an  average  value  of  10-20  mg/L 
when  applied;  polyaluminuni  chloride  dosages  vary  between  0  and  19  mg/L,  with  an 
average  value  of  3-10  mg/L  when  applied. 

Raw  water  quality  changes  are  usually  gradual  and  relatively  small;  therefore, 
corresponding  coagulant  dosage  changes  are  gradual.  A  turbidity  profile,  with 
measurements  of  raw,  settled,  filtered,  and  treated  water  turbidities,  is  taken 
daily.  With  these  records,  a  change  in  raw  water  turbidity  and  a  corresponding 
change  in  settled  water  turbidity  can  be  recognized  and  dealt  with  by  a  change 
in  alum  dosage  before  significant  effects  are  felt  by  the  filters. 

Jar  tests  are  conducted  when  the  raw  water  quality  changes  and  there  is  a 
noticeable  decrease  in  the  quality  of  the  floe  in  the  plant  process.  The  lab 
technician  conducts  the  jar  testing  in  the  laboratory.  The  coagulant  feed  rate 
is  then  manually  adjusted  by  the  operator. 

The  Plant  Superintendent  noted  that  results  obtained  by  jar  tests  and  the 
corresponding  conditions  experienced  by  the  plant  were  more  closely  matched  by 
alum  jar  testing  than  with  polyaluminum  chloride  jar  testing. 

During  steady  raw  water  conditions,  experience  and  observation  of  water  on  top 
of  the  filters  are  used  to  make  dosage  adjustments. 

The  coagulant  metering  pump  has  a  manual  stroke  adjustment,  and  the  speed  is 
flow  paced  by  the  raw  water  flow  signal.  Coagulant  usage  is  determined  by 
measuring  the  level  in  the  storage  tank  after  each  8  hours  of  operation.  Dosage 
calculations  are  usually  made  on  the  24  hour  usage.  The  24-hour  level  drop  in 
the  storage  tank  ranges  from  approximately  7  to  25  cm,  depending  on  the  dosage 
and  plant  flow  rate.  The  level  can  be  measured  within  ±0.5  cm,  thus  for  an 
overall  measurement  of  7  cm,  the  accuracy  is  approximately  ±10%.  In  Gore  & 
Storrie's  opinion,  this  provides  a  relatively  reliable  means  of  determining  the 
daily  average  coagulant  dosage  in  this  case. 
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(d)  Chemical  Dosage  Control  (cont'd) 

FLUORIDE 

Fluoride  is  added  to  the  water  using  hydrof luosil icic  acid.  The  acid  is  added 
by  a  0.76  L/min  metering  pump  which  is  flow  paced  by  the  summated  treated  water 
flow  signal.  The  addition  of  fluoride  is  controlled  by  a  compound  loop  system 
which  ensures  a  plant  effluent  fluoride  residual  of  approximately  1.2  mg/L  F~. 

The  fluoride  residual  of  the  Zone  2  water  is  continuously  analyzed  and  recorded 
on  a  chart.  A  grab  sample  of  Zone  2  treated  water  is  analyzed  for  fluoride 
every  day  in  the  laboratory.  The  lab  fluoride  analyzer  is  standardized  each  day 
and  is  used  to  verify  the  continuous  analyzer  readings. 

Acid  usage  is  determined  by  measuring  the  level  in  the  day  tank  after  each  8 
hours  of  operation.  Dosage  calculations  are  usually  made  on  the  24-hour  usage. 

SULPHUR  DIOXIDE 

A  compound  loop  control  system  for  sulphur  dioxide  is  used,  based  on  chlorine 
residual . 

Sulphur  dioxide  is  used  for  dechlorination,  when  the  process  of 
superchlorination  is  used,  to  lower  the  plant  effluent  total  chlorine  residual 
to  approximately  1.4  mg/L.  Dosages  range  from  0.3  to  0.6  mg/L. 
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(e) 


Quality  Control  Testing 


The  following  table  lists  pertinent  information  on  the  sampling  system  in  use  at 
the  Peterborough  plant. 


1                                     1                             1            FLOW            1        VELOCITY        I    TRAVEL  TIME 
1                                    1                            1          (L/min)        1          (m/s)            1          (min) 
1            SOURCE              1    LENGTH/SIZE    1                               1                               1 

1                                    II   ^^^-    1    Norm.    1    Max.    i    Norm,    i   Max.    i    Norm. 

1    Raw  Water               I                            1              1                1              1                1              1 

1    (intake  pipe)        1          20/13          i    7.8      1    3.68      1    0.98    1    0.46      1   0.34    i    0.72 

1   Settled  Water       I                           1             1               1              1               1             1 
1    (settled  water     I                           1              1               1              1               1              1 
1   conduit)                  1          30/13          1    12.0    1   4.24     I    1.51    1    0.53      1   0.33    1    0.94 

1   Clearwell               1                           1              1               1              1                1              1 

1    (Plant  2)                 1          55/13          1    8.4      I    2.24      I    1.06    1    0.28      1    0.87    I    3.26 

1    Plant  Effluent      1                            1              1                1              1                1              1 
1    (after  Zone  2       1                           111111 
1   pumps)                      1          70/13          1    7.2      1   4.4       I   0.90    1    0.55      1    1.29    1    2.11 

|*Plant  Effluent     f                           1              1               1              1               1              1 
1 (just  downstream   1                           1             1               1              1               1              1 
1   of  junction           1                            1              1                1              1                1              1 
1   chamber)                 I                           1             1               1              1               1             1 

*  Only  used  when  Zone  2  pumping  is  down  (seldom).  Sampling  point  is  too  close 
to  the  junction  chamber;  inadequate  chemical  mixing. 

NOTE:  All  sample  lines  within  the  plant  are  13  mm  diameter  PVC  pipe,  except  for 
the  copper  and  stainless  steel  raw  water  sample  line.  There  is  a 
stainless  steel  treated  water  sample  line  at  the  pumphouse  (Zone  1)  which 
is  used  for  DWSP  purposes  only. 
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(e) 


Quality  Control  Testing  (cont'd) 


The  sample  flow  rate  was  determined  by  a  time  displacement  test;  firstly  at  the 
normal  flow  rate,  and  secondly,  at  the  maximum  flow  rate  with  the  sample  tap 
wide  open. 

The  sampling  lines  are  run  at  the  maximum  flow  rate  at  least  once  a  weei<  to 
flush  the  lines  and  keep  them  free  of  sediment. 

TURBIDITY 

There  are  two  continuous  on-line  turbidity  measurements: 


SAMPLE  POINT 

Settled  Water  Conduit 
Zone  2  High  Lift  Discharge 


TESTING  INSTRUMENT 

HF  Model  DRT  1000 
Hach  1720B 


CHART  LOCATION 

Laboratory 
Control  Room 


The  turbidity  readings  of  the  above  two  instruments  are  recorded  continuously  on 
charts.  The  lab  technician  also  takes  grab  samples  once  a  day  from  the  two 
locations  and  measures  the  turbidity  with  the  laboratory  HF  Model  DRT  1000 
turbidimeter.  These  numbers  are  recorded  in  the  daily  log  books. 


Each  day,  turbidity  standards  are  used  to  standardize  the  HF 
The  Hach  turbidimeter  is  then  calibrated  with  the  HF  meter. 


turbidity  meter. 


In  addition  to  the  turbidity  measurements  listed  above,  the  lab  technician  also 

collects  a  grab  sample  once  a  day  from  the  raw  water  and  clearwell  sampling 

lines.  These  turbidity  values  are  also  recorded  in  the  daily  log  book.  There 
is  a  good  correlation  between  the  Drinking  Water  Surveillance  Program  (DWSP) 

turbidity  results  and  those  obtained  at  the  plant.   The  DWSP  raw  water 

turbidities  are  usually  slightly  higher  than  the  plant  readings,  but  the  plant 
effluent  turbidity  values  are  very  similar. 

Presently,  there  are  no  on-line  filter  effluent  turbidity  measurements  for 
individual  filters;  however,  the  Peterborough  Utilities  Commission  plans  to 
install  filter  effluent  turbidimeters  in  the  near  future. 
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(e) 


Quality  Control  Testing  (cont'd) 


IN-PLANT  MONITORING 


The  following  table  provides  a  list  of  the  tests  performed  at  the  plant: 


1    TEST 

SAMPLE  POINT 

TESTING 
FREQUENCY 

REPORTING 
FREQUENCY 

TESTING 
INSTRUMENT 

ICI2  Residual 
I-  Pre-free 

Settled  water 
conduit 

Continuous 

Recorded  on  chart 

W&T  A767  Amp. 

residual 

analyzer 

1  Pre-free 

Settled  water 
conduit 

5/week 

5/week 

Amp.  titration 

1-  Post-total 

Zone  2  Discharge 

Continuous 

Recorded  on  chart 

W&T  A767  Amp. 

residual 

analyzer 

1  Post-total 

Zone  2  Discharge 

5/week 

5/week 

Amp.  titration 

1  Turbidity 

Raw 

5/week 

5/week 

HP  Model 
DRT  1000 

Settled 

5/week 

5/week 

HF  Model 
DRT  1000 

Settled 

Continuous 

Recorded  on  chart 

HF  Model 
DRT  1000 

Clearwel 1 

5/week 

5/week 

HF  Model 
DRT  1000 

Zone  2  Discharge 

5/week 

5/week 

HF  Model 
DRT  1000 

Zone  2  Discharge 

Continuous 

Recorded  on  chart 

Hach  1720B 

IpH 

1 

Raw 

Settled 
Clearwel 1 
Zone  2  Discharge 

5/week 
5/week 
5/week 
5/week 

5/week 
5/week 
5/week 
5/week 

Orion  501 
pH  meter 

IFluoride 

Zone  2  Discharge 

Continuous 

Recorded  on  chart 

W&T  84-130 

electronic 

fluoride 

analyzer 

Zone  2  Discharge 

5/week 

5/week 

Orion  407 
lonanalyzer 
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(e) 


Quality  Control  Testing  (cont'd) 


1    TEST 

SAMPLE  POINT 

TESTING 
FREQUENCY 

REPORTING 
FREQUENCY 

TESTING 
INSTRUMENT 

1  Temperature 

Raw 

Low  Lift 
Suction  well 

Low  Lift 
Suction  well 

5/week 
Continuous 

1/week 

5/week 
Recorded  on  chart 

In-line  probe 

lAlgae 
ICounting 

Raw 

1/week 

1/week 

Whipple  cell 
apparatus 

IBacteriologi- 
Ical  Testing 
1  Total  and 
IFecal  Con- 
iform (1) 

Raw 

Clearwel 1 

Zone  2  Discharge 

Distribution 

System 

4/week 
4/week 
4/week 

40/week 

4/week 
4/week 
4/week 

40/week 

Standard 
Membrane 
Fi Itration 
Apparatus 

IBacteriologi- 
Ical  Testing 
1  Standard 
1  Plate  Count 
1(1) 

Raw 

Clearwel 1 

Zone  2  Discharge 

Distribution 

System 

1/week 
1/week 
1/week 

10/week 

1/week 
1/week 
1/week 

10/week 

Standard 
Membrane 
Filtration 
Apparatus 

1  Aluminum 

—  - 
Clearwel 1 

1/2  weeks 

1/2  weeks 

Spectropho- 
tometer 

1  Hardness 

Zone  2  Discharge 

1/2  months 

1/2  months 

EDTA 

Colourimetric 

Titration 

1  Alkalinity 

Zone  2  Discharge 

1/2  months 

1/2  months 

Titration  to 
pH  4.65 

1  Chlorides 

Zone  2  Discharge 

1/5  months 

1/6  months 

Colourimetric 
Titration 

1  Iron 

1 

Zone  2  Discharge 

1/6  months 

1/6  months 

Hach  Colour 
Comparator 

1  Taste  and 
1  Odour 

Raw 

Zone  2  Discharge 

Distribution 

System 

As  required 
As  required 

As  required 

TON 
Apparatus 

(1)   Tests  conducted  by  provincial    health   lab   in  Peterborough, 


-48- 


(e)      Quality  Control  Testing  (cont'd) 

The  Peterborough  Utilities  Commission  strives  to  maintain  a  high  quality 
laboratory.  The  Peterborough  Utilities  Commission  feels  they  are  successful  in 
operating  the  lab  and  providing  reliable  results.  The  lab  equipment  and 
continuous  monitoring  equipment  within  the  plant  is  regularly  calibrated,  and  in 
the  past,  little  correction  of  this  equipment  has  been  required. 

D.2     Operation  and  Process  Concerns 

(a)  Inadequate  Coagulant  Mixing 

The  present  application  point  for  coagulant  is  into  the  raw  water  discharge 

headers.  Consideration  could  be  given  to  the  installation  of  a  mixing  device  or 

in-line  blender  which  would  ensure  uniform  distribution  of  the  coagulant 
throughout  the  water. 

(b)  Filter  Flow  Control 

The  present  method  of  filter  operation  is  based  on  a  manual  adjustment  of  flow 
rate  to  match  the  low  lift  flow  rate. 

Typically,  the  performance  of  a  filter  is  sensitive  to  variations  in  flow  rate. 
Variable  filtration  rates  are  stressful  and  can  lead  to  reduced  performance  in 
filter  operation.  Consequently,  it  may  be  worthwhile  assessing  the  effluent 
quality  improvements  which  may  result  from  more  constant  filtration  flow  rates. 

The  number  of  filters  operated  at  any  time  is  also  dictated  by  the  low  lift  flow 
rate.  Given  that  the  filters  have  the  highest  performance  at  the  lowest 
filtration  rates,  a  policy  of  operating  all  filters  all  of  the  time  should  be 
considered.  It  should  be  recognized,  however,  that  there  are  operational 
difficulties  which  arise  in  operating  all  filters  all  the  time. 
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(c)  Coagulant  Application 

During  the  winter  months  when  the  raw  water  temperature  is  2°C  or  less,  the 
Peterborough  plant  does  not  add  a  coagulant.  The  process  of  superchlorination 
is  used  during  this  period  to  ensure  adequate  disinfection.  Even  though  the  raw 
water  turbidity  is  very  low  at  this  time,  the  plant  may  not  be  able  to  withstand 
a  challenge  by  Giardia  or  similar  cysts  without  alum  or  some  other  coagulant. 
The  current  practice  of  not  adding  alum  during  the  extremely  cold  water 
conditions  should  be  reviewed. 

(d)  Wash  Water  Rate 

As  discussed  earlier,  the  low  "high  backwash"  rates  may  not  provide  sufficient 
bed  expansion.  The  condition  should  be  reviewed  in  detail. 

The  wash  volumes  used  in  Plant  2  range  from  5.4  to  6.8  mVm^.  Experience 
indicates  that  a  wash  volume  of  4.0  to  5.0  mVm^  should  properly  clean  a  filter 
bed.  The  existing  backwash  procedure,  the  backwash  rates,  and  the  filter 
operation  should  be  investigated  to  optimize  the  backwash  procedure  and  maintain 
the  long-term  cleaning  of  the  filters. 

(e)  Taste  and  Odour 

Taste  and  odours  occur  with  some  regularity  each  year.  Chlorinous  odours  due  to 
high  chlorine  dosage  and  algae  odours  occur  during  the  spring  and  summer 
months. 

(f)  Powdered  Activated  Carbon 

The  storage  and  feed  area  is  in  the  workshop.  The  feed  system  capacity  is 
capable  of  180  kg/d  or  3.5  mg/L  at  a  plant  flow  of  50  ML/d.  The  powdered 
activated  carbon  is  used  to  combat  taste  and  odour  events,  although  in  recent 
years  these  problems  have  been  minimal  and  the  equipment  has  not  been  used  since 
the  early  1980's. 
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(f)  Powdered  Activated  Carbon  (cont'd) 

When  carbon  is  used,  some  carbon  is  bound  in  the  floe  and  is  carried  into  the 
filters.  At  the  relatively  low  PAC  dosages  in  use  to  date,  this  carry  over  of 
carbon  into  the  filters  has  not  posed  an  operating  problem.  It  is  felt, 
however,  that  the  carbon  carry  over  might  pose  a  problem  if  the  carbon  dosage  is 
significantly  increased. 

(g)  Aluminum  Residual 

As  shown  in  Appendix  A,  Table  7.0,  there  are  elevated  aluminum  residuals.  A 
balance  is  maintained  between  high  turbidity  removals  and  low  aluminum 
residuals.  The  topic  of  aluminum  solubility  and  residual  is  discussed  in  detail 
in  the  following  section  (see  page  55). 

(h)  Raw  Water  Saturated  with  Air 

Due  to  a  number  of  dams  upstream  of  the  water  plant,  the  raw  water  is  always 
saturated  with  air,  regardless  of  temperature. 

As  the  temperature  of  the  air  and  water  change,  air  binding  occurs  (particularly 
in  the  spring  and  fall).  Air  binding  causes  the  head  loss  in  the  filters  to 
build  up  rapidly. 

(i)     Corrosion  Potential 

The  corrosion  potential,  or  Langelier  Saturation  Index,  provides  an  indication 
of  the  aggressivenes  of  the  water.  If  the  index  is  positive,  the  water  is 
supersaturated  and  has  a  tendency  to  deposit  calcium  carbonate  scale  in  the 
distribution  system.  If  the  index  is  negative,  the  water  is  undersaturated  and 
corrosive. 

The  Saturation  Indices  reported  as  part  of  the  DWSP  program  indicate  that  the 
Peterborough  raw  water  has  a  slightly  positive  value,  while  the  treated  water  is 
slightly  negative.  In  light  of  the  increasing  attention  on  corrosion  and  the 
leaching  of  metals  from  piping  and  plumbing  materials,  it  is  desirable  to 
produce  a  treated  water  with  a  slightly  positive  saturation  index. 
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SECTION  E 
PLANT  PERFORMANCE  (PARTICULATE  REMOVAL) 


SECTION  E 

PLANT  PERFORMANCE  (PARTICULATE  REMOVAL) 

E.l  Turbidity  Removal 

(a)  General 

The  Peterborough  plant  must  deal  with  the  following  raw  water  quality 
conditions: 

Turbidity  (FTU) 
Colour  (TCU) 
pH 

Alkalinity  (mg/L) 
Hardness  (mg/L) 
Iron  (mg/L) 
Manganese  (mg/L) 
Aluminum  (mg/L) 
Temperature  (°C) 

The  raw  water  quality  is  good  and  is  quite  consistent  all  year  round. 
Considering  turbidity  alone,  the  raw  water  conditions  would  allow  treatment  by 
direct  filtration  (that  is,  a  plant  without  settling  tanks)  to  meet  today's 
treated  water  turbidity  objective.  The  Peterborough  plant,  however,  also 
experiences  elevated  raw  water  colour.  The  settling  tanks  are  required  to 
collect  the  colour  floe  which  develops  from  the  addition  of  alum. 

The  raw  water  turbidities  experienced  by  the  plant  over  the  past  several  years 

are  summarized  in  the  table  on  the  following  page.  A  graph  included  in  Appendix 

C  as  Figure  1.0  shows  a  Composite  Profile  of  Raw  Water  Turbidity  Ranges  for  the 
1984-1986  period. 
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-  1.25 

10 
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74 

-  80 

84 
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-  0.014 

0.008 

-  0.069 

0.3 

-  25 

-52- 


(a) 


General  (cont'd) 


1984  -  1986 

RAW  TURBIDITY 

:ftu) 

Max. 

Min, 

Avg. 

January 

0.40 

0.29 

0.33 

February 

0.36 

0.22 

0.29 

March 

0.53 

0.24 

0.33 

April 

0.63 

0.27 

0.41 

May 

0.82 

0.27 

0.50 

June 

0.78 

0.30 

0.47 

July 

0.98 

0.29 

0.57 

August 

0.99 

0.33 

0.50 

September 

1.10 

0.34 

0.66 

October 

1.25 

0.53 

0.74 

November 

0.86 

0.40 

0.55 

December 

0.83 

0.35 

0.46 

(b) 


Plant  Performance 


OVERALL  PLANT  PERFORMANCE 

It  is  usual  to  consider  two  conditions  for  plant  operation,  the  maximum 
hydraulic  flow  rate  (100  ML/d),  and  the  maximum  process  flow  rate.  The  maximum 
process  condition,  from  the  standpoint  of  particulate  removal,  occurs  with  the 
highest  solids  loading  on  the  plant.  At  the  Peterborough  plant,  the  raw  water 
is  quite  consistent  all  year  round,  although  slightly  lower  turbidity  and  colour 
values  may  be  experienced  during  the  winter  months  (January  -  March).  The 
maximum  solids  generated  within  the  process  occurs  when  a  coagulant  is  added 
(when  raw  water  >2°C).  The  maximum  solids  loading  on  the  plant  and  the  maximum 
flow  are  coincident  at  this  plant  and  occur  during  the  summer  months. 

The  plant  records  for  the  treated  water  during  the  1984-1986  period  are 
summarized  on  the  following  page. 
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(b) 


Plant  Performance  (cont'd) 


1984  -  1986 

TREATED  TURBIDITY  (FTU) 

Max. 

Min. 

Avg. 

January 

0.37 

0.24 

0.29 

February 

0.31 

0.24 

0.26 

March 

0.39 

0.20 

0.26 

April 

0.43 

0.19 

0.28 

May 

0.40  . 

0.20 

0,30 

June 

0.48 

0.19 

0.28 

July 

0.41 

0.20 

0.28 

August 

0.44 

0.21 

0.27 

September 

0.48 

0.20 

0.30 

October 

0.51 

0.21 

0.32 

November 

0.40 

0.12 

0.31 

December 

0.53 

0.22 

0.37 

The  records  confirm  that  the  plant  has  consistently  produced  water  of  <1.0  FTU. 
A  graph  included  in  Appendix  C  as  Figure  2.0  shows  a  Composite  Performance 
Profile  of  Treated  Water  Turbidity  Ranges  for  the  period  1984  -  1986. 

ASSESSMENT  OF  OVERALL  PERFORMANCE 

The  turbidity  guideline  in  the  Province  of  Ontario  is  1.0  FTU;  but  clearly  it  is 
important  to  reduce  the  turbidity  to  as  low  a  level  as  practical. 

The  historic  records  of  the  plant  have  been  reviewed  as  a  means  to  assess  plant 
performance  under  various  operating  conditions. 

The  plant  records  show  that  the  plant  works  very  well  from  the  standpoint  of 
turbi.dity  removal.  The  plant,  however,  should  improve  its  colour  removal 
capability. 
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E.2  Treatability  Testing 

(a)  Jar  Testing 

TURBIDITY  REMOVAL 

Treatability  testing  was  carried  out  on  a  raw  water  sample  collected  on  1  April 
1987.  This  raw  water  sample  had  a  turbidity  of  1.2  NTU.  The  laboratory  and 
treatability  results  sheets  are  included  in  Appendix  D. 

Alum  or  polyaluminum  chloride  was  used  in  separate  coagulation/f locculation/ 
sedimentation  testing,  followed  by  filtration  through  a  1,2  \im  membrane  filter, 
which,  in  our  experience,  emulates  the  performance  of  a  dual  media  filter.  The 
results  of  the  testing  demonstrate  tnat  filtration  down  to  a  turbidity  of  0.2 
NTU  or  less  is  achievable  with  the  appropriate  alum  or  polyaluminum  chloride 
dosage.  The  alum  treatment  removed  the  colour  better  than  the  polyaluminum 
chloride  treatment.  Both  coagulants  reduced  the  turbidity  to  acceptable 
values. 

ALUMINUM  RESIDUAL 

The  use  of  aluminum  salt  coagulants  (alum,  polyaluminum  chloride,  etc.)  in 
potable  water  treatment  plants  may  lead  to  increased  aluminum  concentrations  in 
treated  water,  which  may  result  in  water  quality  and  supply  problems. 

There  is  no  evidence  that  aluminum  is  physiologically  harmful,  and  no 
health-related  limit  has  been  specified  anywhere  in  the  world  to  our  knowledge. 
However,  the  perception  of  potential  health  problems  associated  with  aluminum 
frequently  emerges. 
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(a)     Jar  Testing  (cont'd) 

Water  supply  problems  may  be  associated  with  increased  aluminum  concentrations 
in  treated  water.  These  problems  include  the  formation  of  a  hydrous  aluminum 
precipitate  in  the  distribution  system  which  may  increase  turbidity  and 
complaints  about  clarity.  Aluminum  floe  in  the  system  may  interfere  with  the 
disinfection  process  by  entrapping  and  protecting  microorganisms.  Another 
problem  attributed  to  increased  aluminum  concentrations  is  deposition  of 
aluminum  hydrolysis  products  on  pipe  wa'lls,  which  decreases  carrying  capacity. 
To  minimize  these  problems,  the  Ontario  Drinking  Water  Objectives  (ODWO)  suggest 
an  operational  guideline  of  <0.1  mg/L  as  Al  in  the  treated  water  leaving  the 
plant. 

An  EPA  survey  of  186  utilities  showed  that  a  number  of  plants  exhibited  high 
residual  aluminum  when  overdosing  of  alum  occurred.  Even  though  some  utilities 
surveyed  stated  that  minimizing  the  alum  dosage  is  a  strategy  for  controlling 
residual  aluminum,  underdosing  of  alum  appears  to  be  just  as  detrimental  to 
turbidity  removal  and  residual  aluminum  control  as  overdosing. 

Water  quality  problems  associated  with  high  concentrations  of  aluminum  in 
finished  water  have  led  to  discussion  of  ways  to  reduce  residual  aluminum 
concentrations.  One  method  of  reducing  aluminum  concentration  is  to  optimize 
coagulation.  To  have  optimum  coagulation  requires  that  the  best  coagulant, 
dosage,  and  combination  of  operating  conditions  be  selected  for  each  raw  water. 
The  optimum  pH  range  must  also  be  achieved  since  aluminum  is  least  soluble  in 
water  in  the  pH  range  5.5-7.0. 

There  are  treatment  plants  in  Ontario  which  are  currently  using  residual 
aluminum  as  an  "operational  tool"  to  optimize  the  dosage  of  alum.  Operational 
staff  respond  to  any  elevation  in  residual  aluminum  and  make  the  necessary 
adjustments  to  the  plant  operation. 
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(a)     Jar  Testing  (cont'd) 

Aluminum  solubility  in  water  is  a  complex  topic;  but  some  of  the  most 
significant  variables  are  pH,  time  and  temperature.  For  pH  values  greater  than 
6.5,  the  aluminum  residual  increases  directly  with  pH.  Aluminum  residual  is 
inversely  proportional  to  time,  up  to  several  hours,  whereupon  the  solubility 
concentration  remains  fairly  constant.  The  aluminum  residual  is  directly 
related  to  temperature,  but  this  has  a  fairly  minor  impact  over  the  ranges 
encountered  in  natural  waters.  For  times  greater  than  an  hour  and  pH's  greater 
than  about  7.4,  water  may  contain  a  residual  concentration  greater  than  0.1 
mg/L. 

For  the  aluminum  residuals  and  pH  values  found  in  the  waters  at  the  plant,  the 
results  are  consistent  with  general  experimentally  determined  values. 
Therefore,  it  is  not  surprising  to  find  aluminum  concentrations  greater  than  0.1 
mg/L. 

The  Peterborough  treated  water  aluminum  residuals  have  occasionally  been  above 
the  guideline  of  0.1  mg/L,  therefore,  jar  tests  were  run  to  check  the  aluminum 
residual.  In  Gore  &  Storrie's  opinion,  the  benefits  associated  with  changing 
the  alum  dosage  to  control  the  aluminum  residual,  over  and  above  those  for 
turbidity  control,  is  not  warranted. 

A  minimum  of  daily  monitoring  of  aluminum  residual  and  pH  leaving  the  plant  is 
recommended  by  the  Ontario  Ministry  of  the  Environment.  An  acceptable  method  of 
aluminum  analysis  should  be  used.  Frequent  examination  of  this  data  and 
Drinking  Water  Surveillance  Program  (DWSP)  data  will  supply  the  needed 
information  on  the  chemistry  and  fate  of  aluminum  following  water  treatment  to 
help  operating  authorities  minimize  the  concentration  of  aluminum  in  the  treated 
water. 
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(a)  Jar  Testing  (cont'd) 

COAGULANT(S)  DOSAGE 

From  the  test  work  conducted  by  Gore  &  Storrie  Limited,  we  believe  that  the 
optimum  filter  effluent  quality  is  achieved  with  an  alum  dosage  of  about  15-25 
mg/L  or  a  polyaluminum  chloride  dosage  of  about  3-5  mg/L  for  the  raw  water 
conditions  experienced  by  the  plant.  The  polyaluminum  chlorine  does  not  remove 
the  colour  as  well  as  treatment  with  alum. 

(b)  Streaming  Current  Monitor 

During  periods  of  changing  raw  water  quality,  a  streaming  current  monitor  (SCM) 
may  allow  both  a  faster  response  and  the  selection  of  the  correct  coagulant 
dosages. 

Milton  Roy  tested  a  SCM  for  one  week  in  the  Peterborough  Plant.  The  results  of 
the  testing  period  are  not  conclusive,  but  it  is  believed  that  a  SCM  could  be  a 
beneficial  tool.  The  coagulation/f locculation  process  should  be  optimized 
before  a  SCM  is  considered  further. 

E.3     Optimum  Removal  Strategies 

(a)     Coagulant  Addition 

As  mentioned  earlier,  there  are  regular  periods  during  each  year  when  a 
coagulant  is  not  added  to  the  water.  In  the  past,  there  has  been  a  tendency  in 
the  water  treatment  industry  to  stop  using  alum  during  periods  of  low  raw  water 
turbidity.  This  practice  does  not  allow  the  plant  process  components  to 
effectively  remove  turbidity-causing  particulate  material,  and  does  not  ensure 
removal  of  certain  microorganisms  such  as  Giardia  cysts. 

A  coagulant  should  be  added  all  of  the  time  to  ensure  an  effective  treatment 
process  and  to  conform  with  the  Ministry  of  the  Environment  Policy  No.  15-14 
(Section  4),  "Treatment  Requirements  for  Municipal  and  Communal  Water  Works 
Using  Surface  Water  Sources". 
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(b)  Chemical  Mixing 

As  mentioned  earlier,  the  coagulant  is  added  into  the  raw  water  discharge 
headers.  This  application  point  may  not  provide  adequate  mixing,  especially  at 
lower  flow  rates.  Tests  should  be  conducted  to  determine  the  relative  merits  of 
blending  and  flash  mixing.  This  is  discussed  in  more  detail  in  Section  G.2. 

The  Peterborough  Utilities  Commission  staff  feel  that  more  flexibility  is 
required  for  the  addition  of  coagulant  and  coagulant  aids. 

(c)  Coagulation,  Flocculation,  and  Sedimentation 

All  of  the  flocculation  and  sedimentation  tanks  are  used  all  of  the  time,  except 
when  being  cleaned.  There  exists  a  concern  about  the  coagulation/f locculation 
process,  especially  during  the  cold  water  periods.  Since  the  level  of  mixing  in 
the  flocculation  tanks  is  dictated  by  the  flow  rate,  there  may  be  some  benefits 
obtained  from  isolating  the  pretreatment  sections  of  the  plant.  The  resident 
time  afforded  by  having  all  tanks  operational  is  increased  at  lower  flows;  thus 
the  mixing  system  tends  to  compensate  for  the  reduced  flow  rates.  In  addition, 
the  settling  tank  performance  is  inversely  dependent  on  the  flow  rate; 
therefore,  this  unit  operation  tends  to  also  compensate  for  reduced  mixing 
levels  at  lower  flow  rates  by  becoming  more  efficient.  Since  isolation  of  floc- 
culation tanks  also  isolates  the  associated  settling  tanks,  the  improved  mixing 
would  probably  be  best  overall.  However,  there  are  bounds  to  how  low  the  flow 
rate  can  be  before  overall  performance  is  affected. 

It  is  Gore  &  Storrie's  opinion  that  there  is  merit  to  investigating,  on  a  plant 
scale,  the  magnitude  of  improvement  which  would  result  from  maintaining  high 
flows  in  the  flocculation  tanks.  From  an  operational  stand  point,  however,  we 
believe  that  the  performance  improvements  may  only  be  small  and  not  worth  the 
efforts  of  opening  and  closing  valves  to  suit  the  changing  flows.  Therefore, 
the  most  benefit  may  arise  from  a  better  understanding  of  the  plant  unit 
operations. 
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(c) 


Coagulation,  Flocculation,  and  Sedimentation  (cont'd) 


If  the  coagu1ation/f locculation  process  does  not  produce  the  required  floe 
during  the  winter  months,  it  is  our  opinion  that  there  is  merit  to 
investigating,  on  a  plant  scale,  the  improvement  which  would  result  from  adding 
a  polymer  or  activated  silica  immediately  following  the  alum  addition. 


(d) 


Filtration 


As  indicated  in  Section  C.2(i),  the  average  amount  of  water  filtered  per  cycle 
is  reported  as  follows: 


PLANT 

FILTER 

AVERAGE 
FILTERED  WATER/CYCLE 

1 

1-4 

30-60 

1 

5-9 

50-115 

2 

1-2 

125-240 

Although  these  are  estimates  based  on  the  experience  of  the  plant  staff,  not 
confirmed  by  tests,  there  appears  to  be  a  significant  difference  in  the 
performance  of  the  filters. 

The  filter  cycle  performance  is  dictated  by  unit  flow  rate  (m/h),  influent 
solids  concentration,  initial  (clean  bed)  headloss,  total  headloss,  type  of 
underdrains,  and  the  type  and  depths  of  media. 

The  above  filter  performance  factors  have  been  considered  and  there  is  no 

readily  apparent  explanation  for  the  differences  in  performance.  Consequently, 

a  further  detailed  investigation  should  be  conducted  to  evaluate  the  relative 
performance  of  the  filters. 
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(d)  Filtration  (cont'd) 

The  number  of  filters  and  the  filtration  rates  are  presently  dictated  by  the 
demand  for  clearwell  water.  This  procedure  is  stressful  for  the  filters  since 
any  change  of  flow  rate  can  reduce  filter  removal  performance.  Also,  the  lower 
the  filtration  rate,  the  better  the  removal  performance;  this  can  be  achieved  by 
operating  all  filters  all  the  time.  Therefore,  from  the  standpoint  of 
particulate  removal,  the  ideal  procedure  would  be  to  operate  all  filters  with  a 
constart  flow  rate  to  satisfy  some  long-term  demand.  This  procedure  requires 
that  the  clearwell  level  rise  and  fall  to  offset  the  difference  between 
production  and  demand  flow  rates. 

It  is  Gore  &  Storrie's  opinion  that  tests  should  be  carried  out  on  plant  scale 
to  determine  the  magnitude  of  improvement  which  would  result  from  maintaining 
lower  constant  flow  rates.  These  results  should  be  assessed  in  light  of  the 
operational  considerations. 

In  order  to  optimize  the  performance  of  the  plant,  flow  through  turbidimeters 
should  be  installed  on  the  effluent  of  the  filters.  The  Peterborough  Utilities 
Commission  is  planning  to  implement  this. 
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SECTION  F 

PLANT  PERFORMANCE  (DISINFECTION) 


F.1     Disinfection 

At  the  Peterborough  Water  Treatment  Plant,  disinfection  is  practiced  by 
chlorination  at  the  low  lift  suction  well  to  achieve  the  settled  water  free 
residuals  specified  in  Section  D,  part  (d).  Chemical  Dosage  Control.  Data  shown 
in  Table  3.0  in  Appendix  A  show  that  the  total  monthly  average  chlorine  dosage 
required  to  achieve  these  settled  water  free  residuals  ranges  from  3.0  to  5.0 
mg/L. 

During  extremely  cold  water  (<2°C)  or  warm  water  conditions,  the  process  of 
superchlorination  is  used.  At  these  times,  sulphur  dioxide  is  applied 
subsequently  at  the  clearwell  to  dechlorinate.  At  other  times, 
post-chlorination  is  used  to  achieve  the  required  chlorine  residual.  The  total 
chlorine  residual  leaving  the  plant  is  1.4  mg/L,  independent  of  the  chlorination 
process. 

F.2     Disinfection  Efficiency 

Tables  6.0  and  6.1  in  Appendix  A  summarize  the  available  raw  and  treated 
microbiological  data  for  the  Peterborough  plant. 

Fecal  coliforms,  as  well  as  total  coliforms,  were  found  in  the  raw  water 
indicating  that  disinfection  is  necessary. 

The  data  show  that  the  microbiological  quality  of  the  treated  water  leaving  the 
plant  is  good. 
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F.3  Chlorinated  By-Products 

TRIHALOMETHANES 

Trihalomethanes  (THM's)  are  the  most  widely  occurring  organics  found  in  drinking 
water,  and  they  also  appear  at  the  highest  concentrations.  The  principal  source 
of  THM's  in  drinking  water  is  the  chemical  interaction  of  chlorine  added  for 
disinfection,  with  humic  and  fulvic  substances  that  occur  naturally  in  the  raw 
water.  There  is  some  evidence  that  THM's  are  carcinogenic.  The*  Ontario 
Drinking  Water  Objectives  for  THM's  is  350  ug/L. 

Based  on  the  data  available  on  THM's  (see  Table  F.l)  for  the  Peterborough  Water 
Treatment  Plant,  the  levels  of  THM's  found  in  treated  water  are  under  the 
Ontario  Drinking  Water  Objectives  of  350  ug/L  (0.35  mg/L) .  Total  THM  values 
were  determined  by  the  direct  aqueous  injection  method  (except  for  the  December 
1985  results)  which,  for  the  treated  water,  ranged  from  35  to  284  ug/L,  with  an 
average  value  of  132  ug/L.  These  levels  should  be  reduced,  if  possible. 

In  theory,  the  levels  of  THM's  currently  produced  at  the  plant  could  be  lowered 
by  delaying  chlorination  to  after  settling,  and/or  by  reducing  the  chlorine 
dosages  used.  The  first  of  these  is  not  practical  at  this  time,  as  the  only 
common  junction  point  after  the  settling  tanks  is  the  present  sulphur  dioxide 
application  point.  The  second  alternative,  reducing  chlorine  dosages,  should  be 
delayed  until  coagulation/f locculation/settl ing  is  improved  and  coagulant  is 
applied  throughout  the  year. 

TOTAL  ORGANIC  HALIDES 

The  terms  of  reference  require  consideration  be  given  to  the  reduction  of 
chlorinated  by-products  in  the  treated  water.  There  was  no  complete  set  of 
information  on  the  total  concentrations  of  all  organohalogen  compounds. 
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F. 3     Chlorinated  By-Products  (cont'd) 

It  is  Gore  &  Storrie's  opinion  that  a  broader  measurement  of  chlorinated 
by-products  and  other  organic  contaminants  should  be  considered  and  possibly  a 
surrogate  measurement  should  be  utilized.  Although  there  is  not  general 
agreement  in  the  field  which  surrogate  measurement  should  be  used,  the 
measurement  should  report  the  sum  of  all  the  organic  halogen  compounds. 
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TABLE  F.I 
Trihalomethane  Data  for  Peterborough  WTP 


1983 

1984 

1985 

1986     1 

R 

T 

R 

T 

R 

T 

R 

T   1 

JAN 

Total 

THM's 

ND 

108 

ND 



ND 

108 

ND 

165  1 

FEB 

ND 

140 

ND 

86 

ND 

102 

ND 

142  1 

MAR 

- 

- 

ND 

108 

ND 

108 

ND 

121  1 

APR 

ND 

100 

ND 

92 

ND 

96 

ND 

179  1 

MAY 

ND 

108 

ND 

130 

ND 

113 

ND 

194  1 

JUN 

ND 

138 

ND 

110 

ND 

132 

- 

208  1 

JUL 

ND 

155 

- 

76 

ND 

163 

- 

1 

AUG 

ND 

137 

ND 

136 

ND 

168 

ND 

167  1 

SEP 

ND 

91 

ND 

171 

ND 

191 

- 

1 

OCT 

ND 

120 

ND 

181 

- 

136 

ND 

284  1 

NOV 

ND 

106 

ND 

111 

ND 

101 

ND 

165  1 

DEC 

- 

1 

103 

ND 

35 

ND 

86  1 

AVG. 

ND 

120 

ND 

119 

ND 

121 

ND 

171  1 

RNG. 

91- 
155 

ND- 

1 

86- 

181 

35- 

191 

86-1 
284  1 

R  =  Raw  water 

T  =  Treated  water  (plant  effluent) 


NOTE: 


Values 
except 
trap. 


obtained  by  the 
for  December  of 


direct  aqueous   injection 
1986,  which  was   done   by 


technique , 
purge   and 


The  treated  water  data  are  for  samples  preserved  with  sodium 
thiosulphate.  THM  analysis  results  of  unpreserved 
distribution  system  samples  are  also  available,  but  for 
consistency,  only  the  plant  effluent  sample  results  are 
shown  in  the  above  table. 
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SECTION  G 

SHORT  AND  LONG-TERM  MODIFICATIONS 

G.l     Description 

This  section  includes  feasible  short  and  long-term  process  modifications 
required  to  approach  optimum  disinfection  and  particulate  removal.  It  is 
important  to  understand  that  optimization  of  selected  process  steps  may  be  in 
conflict  with  other  aspects  of  the  plant,  such  as  staffing  and  budgeting  costs. 
Estimated  costs  for  each  recommendation  are  also  included. 

The  following  short  and  long-term  recommendations  were  provided,  discussed, 
reviewed,  and  agreed  upon  at  the  plant  site  meeting. 

We  have  assigned  costs  for  each  of  the  recommended  works.  Clearly,  these  costs 
may  be  reduced  if  the  Peterborough  Utilities  Commission  carries  out  the  work. 

G.2     Chemical  Mixing 

There  can  be  two  purposes  for  mixing  of  chemicals  into  the  main  process  stream: 
blending  and  flash  mixing.  Blending  consists  of  the  distribution  of  chemicals 
uniformly  throughout  the  body  of  the  process  stream  and  is  characterized  by 
relatively  high  velocity  gradients  of  greater  than  200  sec'^  for  periods  of  up 
to  several  minutes.  Flash  mixing  addresses  the  coagulation  concept  that 
blending  must  occur  within  a  very  short  period  of  time,  a  matter  of  seconds,  and 
this  requires  very  high  velocity  gradients  of  greater  than  1000  sec"^.  It  is 
important  to  recognize  the  difference  between  these  two  concepts  and  their 
process  implications.  Blending  mixing  is  to  ensure  that  the  process  components 
will  behave  uniformly.  Flash  mixing  has  been  espoused  by  some  researchers  in 
water  chemistry  as  improving  the  coagulation  process. 

There  is  no  flash  mixing  at  the  Peterborough  plant.  The  coagulant  is  added  to 
the  raw  water  header  on  the  discharge  side  of  the  low  lift  pumps. 

Uniform  blending  of  the  coagulant  throughout  the  water  may  not  occur  during  low 
flow  rates.  Consideration  should  be  given  to  the  installation  of  a  mixer  which 
would  ensure  uniform  distribution  of  the  coagulant  throughout  the  water. 
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G. 2     Chemical  Mixing  (cont'd) 

It  is  recommended  that  a  series  of  laboratory  and/or  pilot  tests  be  conducted  to 
determine  the  relative  merits  of  blending  and  flash  mixing.  Should  the  tests 
prove  the  cost  benefit  of  both  or  either  form  of  mixing,  consideration  should  be 
given  to  installing  appropriate  units. 

This  work  can  be  carried  out  at  any  time.  The  cost  of  the  study  would  be 
$10,000  to  $15,000,  and  the  in-line  blenders  and  flash  mixers  could  cost  $50,000 
to  $60,000  to  buy  and  install. 

G.3     Continuous  Coagulant  Addition 

During  the  winter  months  when  the  raw  water  temperature  is  2°C  or  less,  the 
Peterborough  plant  does  not  add  a  coagulant. 

The  Ministry  of  the  Environment  recommends  that  a  coagulant  be  added  all  year 
round  (see  page  58) . 

The  Peterborough  Utilities  Commission  presents  several  arguments  to  justify 
their  action  of  not  adding  a  coagulant  during  the  extremely  cold  raw  water 
period.  These  factors  include: 

1.  During  the  very  cold  raw  water  period,  the  turbidity  is  generally  less  than 
0.5  FTU.  With  cold  water  temperatures  and  low  turbidity  values,  high 
coagulant  dosages  are  required  to  produce  a  floe,  and  a  poor,  unsettlable 
floe  usually  results. 

2.  When  a  coagulant  is  not  added,  the  plant  effluent  easily  complies  with  the 
MOE  objective  aluminum  residual  concentration  of  0.1  mg/L. 

3.  During  the  winter  months,  the  raw  water  fecal  and  total  coliform  counts  are 
very  low. 

4.  The  free  chlorine  residuals  maintained  during  the  winter  months  are 
sufficient  to  provide  contact  time  values  that  are  considered  to  be 
cysticidal . 
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G. 3     Continuous  Coagulant  Addition  (cont'd) 

5.  The  lack  of  coagulant  addition  in  the  winter  prevents  the  release  of  large 
quantities  of  aluminum  into  the  aquatic  environment. 

6.  The  filters  do  not  require  backwashing  as  often,  thereby  causing  less 
turbidity  peaks  from  the  filters. 

7.  The  filter  beds  can  be  run  at  lower  filtration  rates  with  less  variation 
when  a  coagulant  is  not  added. 

8.  The  Peterborough  Utilities  Commission  believes  a  better  quality  effluent 
can  be  produced  during  the  winter  months  by  superchlorinating,  and  not 
adding  a  coagulant. 

G.4     Coagulant  and  Coagulant  Aid 

Polyaluminum  chloride  is  the  present  coagulant  used  at  the  Peterborough  plant. 
Alum  may  be  a  more  effective  coagulant,  and  enhanced  coagulation/f locculation 
performance  may  result  from  the  use  of  coagulant  aids. 

It  is  recommended  that  a  series  of  laboratory  tests  be  conducted  using  alum  and 
polyaluminum  chloride  for  the  various  raw  water  conditions  to  evaluate  their 
relative  performance.  In  conjunction  with  these  tests,  a  laboratory  study 
should  also  be  conducted  to  pre-screen  various  polyelectrolytes  available  for 
use  as  coagulant  aids,  including  activated  silica.  Should  these  tests  indicate 
that  alternative  coagulant  arrangements  have  merit,  conduct  a  plant-scale 
program  for  various  seasons  of  the  year.  These  tests  should  attempt  to  identify 
the  optimum  location  and  timing  for  addition  of  the  coagulant  and  coagulant 
aid. 

This  work  could  be  started  at  any  time.  The  laboratory  study  would  be  $5,000  to 
$10,000,  and  the  plant  scale  testing  would  be  $10,000  to  $15,000.  Installation 
changes  are  as  yet  indeterminable,  but  the  capital  cost  should  be  $20,000  to 
$30,000.  The  operating  costs  would  increase  if  a  coagulant  aid  is  provided. 
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G. 5     Isolation  of  Flocculation  Tanks 

Since  the  level  of  mixing  in  the  flocculation  tanks  is  proportional  to  the  flow 
rate,  there  may  be  some  benefit  obtained  by  shutting  off  groups  of  flocculation 
tanks.  Each  group  of  flocculation  tanks  feeds  two  settling  tanks;  therefore, 
shutting  off  one  group  of  flocculation  tanks  also  shuts  off  the  associated 
settling  tanks. 

It  is  recommended  that  the  operation  of  the  flocculation  tanks  at  various  flow 
rates  be  compared. 

This  plant-scale  work  should  be  carried  out  during  the  winter,  when  the  overall 
plant  flows  are  lower.  The  cost  of  this  recommendation  is  minimal. 

G.6  Filtration  Rates 

The  filtration  rates  at  the  Peterborough  plant  are  dictated  by  the  demand  for 

clearwell  water.  Variable  filtration  rates  are  stressful,  and  can  reduce  the 

filters'  particulate  removal  performance.  From  the  standpoint  of  particulate 

removal,  the  ideal  procedure  would  be  to  operate  all  of  the  filters  all  of  the 
time  at  a  constant  rate  to  satisfy  a  long-term  demand. 

It  is  recommended  that  plant  scale  tests  on  the  filters  be  conducted  to 
determine  the  magnitude  of  improvement  which  would  result  from  maintaining  lower 
constant  filter  flow  rates. 

This  work  could  be  conducted  at  any  time.  The  cost  of  the  study  would  be 
$10,000  to  $15,000. 

G.7     Relative  Filter  Performance 

Filter  cycle  performance  is  dictated  by  unit  flow  rate,  influent  solids 
concentration,  initial  headloss,  total'  headloss,  type  of  underdrains,  and  the 
type  and  depths  of  media.  These  filter  performance  factors  have  been  considered 
and  there  is  no  readily  apparent  explanation  for  the  differences  in 
performance. 
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G. 7     Relative  Filter  Performance  (cont'd) 

It  is  recommended  that  a  detailed  investigation  be  conducted  to  evaluate  the 
relative  performance  of  the  filters. 

This  work  could  be  conducted  at  any  time.  The  cost  of  the  study  would  be 
$20,000  to  $25,000. 

G.8     Filter  Effluent  Turbidimeters 

The  use  of  filter  effluent  turbidimeters  enables  monitoring  of  individual  filter 
effluent  quality.  An  increased  filter  effluent  turbidity  can  be  detected  and 
the  filter  backwashed  before  any  significant  increase  in  plant  effluent  is 
observed. 

It  is  recommended  that  either  individual  filter  effluent  turbidimeters  or 
turbidity  monitoring  stations  be  installed  to  monitor  the  effluents  of  the 
eleven  filters. 

This  work  should  be  conducted  as  soon  as  possible.  It  is  understood  that  the 
Peterborough  Utilities  Commission  is  planning  to  install  filter  effluent 
turbidimeters  in  the  near  future.  The  total  cost  of  eleven  individual  effluent 
turbidimeters  would  be  approximately  $35,000  to  $40,000. 

G.9     Filter  Cleaning 

Our  previous  experience  has  shown  that  a  backwash  water  volume  of  4.0  to  5.0 

m^/m^  of  filter  area  adequately  cleans  a  filter  bed.  The  wash  volume  at  the 

Peterborough  Plant  2  is  somewhat  higher  at  5.4  to  6.8  mVm^-  The  high  backwash 
rate  of  25  m/h  only  provides  a  bed  expansion  of  approximately  9%. 

It  is  recommended  that  the  backwash  procedure  be  investigated  to  determine  the 
relative  duration  and  rise  rates  of  the  low  and  high  backwash  rates  which 
minimize  the  wash  volume  and  yet  maintain  the  long-term  cleaning  of  the  filter. 

This  work  could  be  carried  out  at  any  time.  This  recommendation  could  be 
conducted  by  Peterborough  Utilities  Commission  staff. 
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G.  10  Filter  Effluent  Flow  Metering 

All  of  the  eleven  filters  at  the  Peterborough  plant  have  separate  flow  meters. 
The  Ministry  of  the  Environment  has  recommended  that  totalizers  be  installed  on 
each  filter  to  quantify  flows.  The  purpose  of  the  totalizers  is  to  provide  a 
means  of  verifying  flow  data  so  that  during  an  operational  upset,  the  flows  and 
dosages  could  be  confirmed. 

The  work  could  be  conducted  at  any  time.  The  cost  to  buy  and  install  eleven 
totalizers  would  be  approximately  $25,000. 

G.l  1     Trihalomethanes 

The  total  trihalomethane  (TTHM)  values  during  the  1983  to  1986  period  ranged 
from  35  to  284  ug/L,  with  an  average  value  of  132  yg/L.  Although  these  values 
are  below  the  guideline  of  350  ug/L,  the  TTHM  level  should  be  reduced  if 
possible.  In  theory,  the  level  of  THMs  could  be  lowered  by  delaying 
chlorination  to  after  settling. 

It  is  recommended  that  a  study  be  conducted  to  evaluate  the  possible  methods  of 
THM  reduction.  The  feasibility  of  implementing  THM  reduction  methods,  such  as 
delaying  or  partially  delaying  chlorination  within  the  process  until  many  of  the 
THM  precursors  are  removed,  should  be  assessed. 

This  study  could  be  started  immediately  and  would  cost  $35,000  to  $50,000. 

G.l 2  Chlorinated  By-Products 

It  is  Gore  &  Storrie's  opinion  that  a  broader  measurement  of  chlorinated 
by-products  and  other  organic  contaminants  should  be  considered.  Although  there 
is  not  general  agreement  in  the  field  which  surrogate  measurement  should  be 
used,  the  measurement  should  report  the  sum  of  all  the  organic  halogen 
compounds. 

It  is  recommended  that  the  Province  of  Ontario  develop  a  surrogate  measurement 
for  chlorinated  by-products  and  other  organic  contaminants. 
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G.  13     Record  of  Information 

The  nature,  frequency,  and  arrangement  of  information  recorded  about  plant 
operations  is  vital  to  the  operation  and  management  of  a  water  treatment  plant. 
A  particularly  useful  set  of  operating  data  is  the  Turbidity  Profile  through  the 
plant.  These  records  indicate  the  effects  of  changing  conditions  on  specific 
operations  through  the  process. 

It  is  recommended  that  the  Plant's  record  of  information  include  a  process  and 
piping  diagram  (PAPD). 
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APPENDIX  A 
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0.3 
0.25 

7./1 
7.24 
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0.06 
1.28 

94.6 
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0.2 
0.2 

0.12 
0.01 

0.5 
0.3 

6.11 
7.45 
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0.065 
1.12 

66.9 
67.6 

0.64 
1.48 

0.019 
0.005 

0.45 
0.43 

7.84 
7.12 
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0.05 
0.86 

64.3 
64.3 

0.10 
0.05 

0.01 
0.005 
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1.1 
7.05 

X 

0.06 
1.61 
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5.50 
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Field  Temperature      R 
(°C)                T 

Field  Turbidity        R 
(FTU)                T 

Fluoride              R 

Hardness             R 
(mg/L)               T 

Magnesium             R 
(»g/L)               T 

Nitrate              R 

(■g/L)           T 

Nitrite              R 
(■g/L)               T 

Nitrogen  Total         R 
KJeldahl  (mg/L)        T 

pH                  R 

Phosphorus  Filtered    R 
Reactive  (mg/L)        T 
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1                         1                         1              Lu      1 
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1              GENERAL   CHEMISTRY          1 
1                      /cont'd.)                   1 

i                      "■             ■                   1 
1   Phosphorus   (Total)             R   1 
1    (mg/L)                                     T   1 

Sodium                                     R   1 
1    (mg/L)                                     T   | 

1    (mg/L)                                       T    | 

1    Turbidity                                R    I 
1    (FIU)                                         T    1 

1   METALS                                             1 

1                                                          1 
1    Aluminum                                    R    1 
1    (mg/L)                                       T    1 

1   Arsenic                                    R    1 
1    (mg/L)                                     T   1 

1    Barium                                      R    1 
1    (mg/L)                                       T    1 

1    Beryllium                                 R    1 
1    (mg/L)                                       T    1 

1   Boron                                        R    1 
1    (mg/L)                                     T    1 

1   Cadmium                                    R    1 
1    (mg/L)                                     T    | 
1                                                       1 
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1                         METALS 

1                      (cont'd.) 

1    Chromium                                  R 
1    (mg/L)                                      T 

1   Cobalt                                    R 
1    (mg/L)                                     T 

1   Copper                                    R 
(mg/L)                                      T 

Cyanide                                    R 
1    (mg/L)                                      T 

(mg/L)                                     T 

Lead                                        R 
1    (mg/L)                                     T 

1  Manganese                              R 
1    (mg/L)                                     T 

1   Molybdenum                            R 
1    (mg/L)                                     T 

1   Mercury                                    R 
1    (ug/L)                                      T 

1    Nickel                                      R 
1    (mg/L)                                      T 
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METALS 
1          (cont'd.) 

1  Selenium             R 
1  (mg/L)               T 

1  Strontium             R 
1  (mg/L)               T 

1  Tin                  R 
t  (no  units  available)    T 

1  Uranium              R 
1  (mg/L)                T 

1  Vanadium             R 
l  (mg/L)               T 

1  Zinc                 R 
1  (mg/L)               T 

1  PURGEABLES 

1 

1  Benzene              R 
1  (ug/L)                T 

1  Bromoform             R 
1  (ug/L)               T 

1  Carbon  Tetrachloride    R 
1  (ug/L)               T 

1  Chlorobenzene         R 
1  (ug/L)               T 
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Chlorodlbromomethane    R 
(ug/L)               T 

Chloroform           R 
(ug/L)                T 

1,2-Dlchlorobenzene     R 
(ug/L)               T 

l,3-D1chloroben2ene     R 
(ug/L)               T 

1,4-Olchlorobenzene     R 
(ug/L)               T 

Dlchlorobromomethane    R 
(ug/L)                T 

(ug/L)              T 

1,2-Olchloroethane      R 
(ug/L)               T 

1,1-Oichloroethylene    R 
(ug/L)               T 

T.l,2-Dlch1oroethy1ene  R 
(ug/L)               T 
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1         PURGE ABLE  S 
1         (cont'd.) 

i  OlchloroMthane        R 
1  (ug/L)               T 

1  1.2-D1chloropropane     R 
1  (ug/L)               T 

1  Ethylbenzene          R 
1  (ug/L)               T 

1  Ethylene  Dibroalde     R 
1  (ug/L)               T 

1  M-Xylene              R 
1  (ug/L)               T 

1  0-Xylene              R 
(ug/L)               T 

1  P-Xylene              R 
1  (ug/L)                T 

1  Toluene               R 
1  (ug/L)               T 

1  1.1.2.2-Tetra-         R  1 
chloroethane  (ug/L)     T  1 

1  Tetrachloroethane      R  1 
1  (ug/L)               T  1 
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1  Alpha  Chlordane        R 
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1  (ng/L)                T 
1 

o 

a\ 

<u 
o> 

ta 

a. 


C 
O 

O 


m 
< 


DRINKING 
WATER  OBJ 
GUIDELINE' 

,«1+1+1             1             1              1              1              1 
,«.+1+1             1             1             1              1              1 

_ji        _ji        _ji        — ji        —il             lO-Ji        -jio— ji 

C3CT*lOar>lOCT»tOO^'              Wi                      lOO^lOCTltO^I 
OcloCiOCiOC.O^i                   i^^'OC'S^' 

1   DWSP    1 
1  DETECTION  1 
1    LIMIT    1 

^i     t!i    ^i     <i    <i       :    <i    ^i    <i    < 

1^ 

< 

1 
00      z 

2    X 

X 

1 

< 

1984 

X 

1 

,,,111111 

^ 

4 

i             ''          1          !          !          !          !          1          ! 

t/1 

CD       3 

2    3 

m                                     1                              1                             1                             1                            l                            •                             '                              '                             • 

> 
< 
a 

C                            1                      1                      1                      1                     1                     1                      1                      1                      t 

s         :       !       i       i       i       i       i       i       i 

m 

2    5 

9               '            1            '            1            1            !            !            1            1 
»               1            1            II            1            1            1            1 

c             î          î     ■      1          !          !          !          !          !          ! 

=               '            '            '            1           !           !            !            1            ! 

•m                              1                        1                        1                        1                       1                       1                        1                        1                        1 

c             !          1          !          !          1          1          !          !          1 

> 
: 

<             1          1          1          1          1          1          1          1          1 

^         :       i       i       i       i       !       !       i       i 

—      ■ 

~  ■                                                                   ■,    ,                                          -       ' 

!•> 
UJ 

Z 

ot  ' 
o  • 

-j  • 

z 
<_> 

o 
z 

i- 

o 

0£h-     1QC>-     IQC»-     lOCt-     !«►-    lOtt-     [«»-     1**~     !*^     l*''" 

1                   1                   1                   1                  1     01           1                   1                   1                   1 

-                       1                   lOii                   1                   iCi                   1                   1                   1 

1                   i-Oi                   igi^i                   1                   1                   j 

P                        '«["xi                   («l^iCi                   1                   1 

1^                  icioi              ipxi«iiai              1              1 

c                        i«<Q.i                   iCi+'ifi                   <                   1 

o                 1-aiuji             luisi+Ji             iwi 
o                 lui             1             1   n        i  ^        >    V        1             lOi 

l£           t    ,—           1—           lO           lO           lO           1                   'U           1 

lO            1     s            i£            1—            1—            1—            14»            1      >>           1 

C--^i           ^.iu.-^iU—    i^'^iX^^l^^iC-^ix-^i           -^ 

—  _ii    a_ii    «_ii«_iiu— jiu— iiu— Ji«— Il    O— Il    x_i 

■aoii    Ho^i    a.a>i    a.  V  '    »  v>  1    xwi    kct>i    cwi+^ct»!    l.o^ 
CCI    3ci    luci    «Cl    mci    4(31    aici'-ciojci  —  c 

uj—'i    t9>—   1    1^1    Z^'    Z-^i    I^'i    X^-'   1    -J—   1    X^'i    X^- 

3 

I 


c 

o 

o; 

+j 

u 

o 

C3. 

U 

U 

i/l 

u 

s 

^ 

lO 

> 

OJ 

^^ 

Q. 

E 

(0 

<fl 

^ 

le 

k 

Ol 

>. 

f 

x: 

• 

*j 

>/i 

c 

f 

+j 
c 

g 

1 

o 

u 

0) 

>^ 

> 

^^ 

•o 

o; 

a; 

3 

lO   u 

u  o 

>4- 

1/) 

0)  -o 

3    0) 

• 

F-     +J 

0) 

IQ     U 

— > 

>    3 

^ 

■a 

(O 

a;  c 

+J 

CTI  o 

la  u 

>+- 

u 

o 

a;  -M 

>  o 

■o 

le  c 

c 

01 

■o    irt 

c    10 

+J 

fO    X 

lO 

E  ai 

«1 

3    C 

0) 

e  — 

+J 

o 

c    Q. 

c 

i  i 

^ 

00 

fO 

#» 

c 

E     * 

o 

3    l/l 

•  ^ 

e  *j 

+J 

.,-    OJ 

•^ 

X    Oi 

■o 

10  £ 

-o 

X   wi 

< 

(U 

+J 

o 

o 
o 


a> 

<a 
a. 


C 
O 

o 


< 


drinking  1 
water  obj,  1 
guideline'  1 

30000 
(ng/L)    d 

3000 
(ng/L)    t 

1  74000      1 
(ng/L)    el 

dl 

dl 
dl 

1 

DWSP 
DETECTION 

H- 

X 

Cl            Cl            CiOCi            Cl            Cl            Cl            Cl            Cl            c 

1 

00 

> 

X 

X 

00 

i 

X 

X 

1 

00 

< 

i       i       i       i       !       i       i       i       i 

i 

11                                             ' 

X 

1 

< 

i 

X 

1 

LU 

Z 

ce 

O 

— i 
z 
(_) 

o 
z 

5 

a: 

o 

•6 

c 
o 
u 

Octachlorostyrene      R 
(ng/L)               T 

O.P-OOT              R 
(ng/L)               T 

Oxychlordane          R 
(ng/L)                T 

PCB  Total             R 
(ng/L)                 T 

Pentachlorobenzene     R 
(ng/L)               T 

P.P-DOD              R 
(ng/L)               T 

P.P-DDE               R 
(ng/L)               T 

P.P-DDT               R 
(ng/L)               T 

1.2,3,4-Tetra-         R 
chlorobenzene  (ng/L)    T 

1,?,3,5-Tetra-         R 
chlorobenzene  (ng/L)    T 

C 

o 

o 


CO 

< 


drinking 
water  obj 
guideline' 

38000 
(ng/l)    e 

74000 
(ng/L)   ea 

74000 
(ng/L)   ea 

10000 
I  (ng/L)    y 

1  15000 

1  (ng/L)    y 

1  10000 

1  (ng/L)    y 

1  10000 

1  (ng/L)    g 

DWSP    1 

DETECTION  1 

LIMIT    1 

_ii       _ji       _ji       _ji            1       —11       -ji       —11       — '1       —t 
^  ,       ^  ,       -^1       ^1            1       -^1       "«^1       '^i       ^1       "^^ 
o^,         g..         o^i         a>.              ;         a>.         g».         g^|         g.;         a. 

—      -  ■    -^ 

1 

CO      z 

2    3E 

X 

1 

(J 

> 
< 

1                             1                             1                             1                             1                             I                             1                             '                              1 

00       z 

2    : 

X 

.,,11,111 

< 

'             '          '          '          !          1          !          1          1           1 

CO        2 

2    5 

> 
< 
a 

«             1          1          i          1          1          1          1          1          ' 

C                              1                        1                        1                        1                        1                        I                       't                        ' 

1           \         \         \         \         \         \         \         \         \ 

< 

3               '''''II!! 

»                              1                        I                        1                        1                        1                        1                        1                        '                        ' 

c             '          '          '          '          1          1          !          1          ! 

vO 

00     a 

—    a 

c             '''''!!!! 

> 

: 

1 

<             1          1          1          1          1          1          1          <          • 

^         i       !       1       i       !       i       i       i       i 



.  _  

1 
ORGANOCHLORINES     1 

(coni  a.j        1 

1.2.4.5-Tetra-         R  1 
chlorobenzene  (ng/L)    T  1 

Thiodan  I             R  1 
(ng/L)               T 

(ng/L)               T 

Thiodan  Sulphate       R 
(ng/L)               T 

(no  units  available)    T 

1.2.3-Tr1ch1orobenzene  R 
(ng/L)                T 

(ng/L)               T 

1.3,5-Tr1chlorobenzene  R 
(ng/L)               T 

(ng/L)                T 

2.4,5-Tr1chlorotoluene  R 
(ng/L)               T 

re 


s. 
re 

0) 

>» 
I 


OJ 


e 
o 

■o 

*i 

o 

Q. 

I/I 

a 

re 

> 

Q. 
E 
re 
i/t 

re 

I. 


■i-i  (/) 

C  f 

É  c 
o 

E  E 
O 

I»-  > 

■D  a; 

01  2 


u  re 


re  t. 

u  o 

v^ 

Ifl 

OJ  ■« 

a  01 

• 

r—   *•> 

0) 

re  (J 

^- 

>    3 

XI 

■o 

re 

(U   c 

*j 

O)  o 

re  o 

<*- 

u 

o 

0)    •!-> 

>  o 

■a 

re  c 

c 

OJ 

•a  </> 

c  re 

4^ 

re  Ï 

re 

E    CD 

>/i 

.3    C 

01 

E  — 

*j 

o 

c  a. 

c 

E  re 

^— 

(/I 

re 

•> 

c 

E     * 

o 

3    I/) 

•^ 

E  *J 

4-> 

—    0) 

•F- 

X    0) 

•o 

re  f 

■a 

s:  </i 

< 

a; 

«-> 

o 

o 

CM 


a. 


C 
O 

o 


03 
< 


DRINKING 
WATER  OBJ 

z 
— 1 
o 

C3 

1  46000 

(ng/L)     ! 

10000 
(ng/L)    ! 

1000 
(nq/l) 

DUSP 

DETECTION 

LIMIT 

5 
(ng/L) 

50 
(ng/L) 

50 
1  (ng/L) 

100 
(ng/L) 

50 
(ng/L) 

50 
(ng/L) 

50 
(ng/L) 

1 

00 

o» 

«C 

Z 

X 

CO 

«c 

z 
X 

1111(1' 

X 

vn 

00 
<7> 

«t 

1 

X 

1 

CO 

a» 

> 

z 

X 

UJ 

Z 

I"» 

< 

OC 

h— 

UJ 

z 

< 
OC 

h— 

?,6.A-Tr1chlorotoluene  R 
(ng/L)                T 

Alachlor              R 
(ng/L)                T 

Ametrlne              R 
(ng/L)                T 

Atratone              R 
(ng/L)                T 

Atrazine              R 
(ng/L)                T 

Bladex               R 
(ng/L)                T 

Metolachlor           R 
(ng/L)                T 

Prop»etone             R 
(ng/L)                T 

Promet ryne             R 
(ng/L)                 T 

Propazine             R 
(ng/L)                T 

9/ 


C 
O 


UJ 

(S 

< 


drinking 
water  obj 
guideline' 

10000 
(ng/L)     ! 

100000 
(ng/L) 

18000 
(ng/l)    ! 

87000 
(ng/L)    ! 

10000 
(ng/L)    h 

10000 
(ng/l) 

DWSP 
DETECTION 

X 

^t        'v.i                -^1        ^1        ^1        -^1        ^1        -^1        -»»i        >^ 
oa>i         a»i            oo<ioaiioa>i         a>iOo>iOCTii         a>i         a> 

OCiOCi                OCiOCiOCiOCiOCiOCiOCiOC 

1 

00 

z 

X 

1 

00 

i 

i 

X 

00 

0^ 

o 

:> 

X 

X 

00 

^ 

< 

i 

X 

1^1 

LU 

Z 

T3 

C 

O 

u 

Sencor               R 
(ng/L)               T 

Stmazlne             R 
(ng/L)               T 

SPECIAL  PESTICIDES 

2.4-D                 R 
(ng/L)               T 

2.4  D  Butyric  Acid     R 
(ng/L)               T 

Dicamba              R 
(ng/L)               T 

Pentachlorophenol      R 
(ng/L)               T 

Plcloram              R 
(ng/L)                T 

2,4-D  Propionic  Acid    R 
(ng/L)               T 

Silvex               R 
(ng/L)               T 

2.4.5-T               R 
(ng/L)                T 

(O 


3 
(/I 

I 


V 


•a 

*j 

i. 
o 

a. 

01 


1/1 

0) 

3 

> 


Q. 
E 


4-1  I/) 

C  f 

O  •!-> 

£  c 

O 

E  E 
O 


"O  o; 

o;  S 


m  1. 

u  O 

>«- 

lA 

0)  -o 

3    OJ 

• 

^-  4^ 

a> 

lO    (J 

>    3 

XI 

■O 

i« 

a;  c 

4J 

CT  o 

(O    u 

>*- 

1. 

O 

0)    4J 

>    O 

■o 

<a  c 

c 

OJ 

-o    lA 

c    (O 

■*-> 

n  S 

«3 

E  en 

>/) 

3    C 

0) 

E  — 

4^ 

o 

C  a. 

c 

■-  E 

E  « 

^ 

<>o 

re 

« 

c 

E     • 

o 

3    1/1 

E  -^ 

4-) 

•t-  a; 

•^ 

X  a) 

T5 

iw  ^ 

•O 

X   i/i 

«s 

àJ 

■•-> 

o 

o 


O) 

la 

a. 


C 
O 
u 


oa 
< 


DRINKING  1 
WATER  OBJ 
GUIDELINE'  1 

10000      1 
(ng/L)    hl 

14000      1 
(ng/L)     1 

DWSP 

DETECTION 

LIMIT 

50 
(ng/L) 

50 
(ng/l) 

100 
(ng/L) 

50 
(ng/L) 

50 
(ng/L) 

50 
(ng/L) 

1 

> 
< 

X 

X 

1 

2 

•< 

X 

X 

1 

00 

< 

z 
X 

X 

1 

va 

o» 

o 

5» 
< 

Z 
X 

X 

1/1 

UJ 

o 

u 

U1 

UJ 

O. 

— J 

< 

UJ 

a. 
1/1 

•a 

C 

O 

u 

2.3.4.5-Tetrd-         R 
chlorophenol  (ng/L)     T 

2.3.5.6-Tetra          R 
chlorophenol  (ng/L)     T 

2,3.4-Trichloropheno1   R 
(ng/L)               T 

2,4,5-Trlchlorophenol   R 
(ng/L)                T 

2,4.6-Trlchlorophenol   R 
(ng/L)                T 

ORGANOPHOSPHOROUS  PEST'S. 

01«2lnon              R 
(ng/L)                T 

Dlchlorovds           R 
(ng/L)                T 

Dursban               R 
(ng/L)                T 

Ethlon                R 
(ng/L)                T 

Guthlon               R 
(ng/L)                T 

CO 


o 


it 

a. 


C 
O 

o 


CD 
< 


drinking 
water  obj, 
guideline' 

7000 
(ng/l) 

35000 
(ng/L) 

o  IT 
o  -^ 
o  ai 

«T     3 

DWSP    1 

DETECTION  I 

LIMIT   1 

50 
(ng/L) 

50 
(ng/L) 

0.1 

(ug/L) 

1 

1 
00 

> 

âc 

X 

s 
a» 

1 

i 

X 

CO 

< 

z 
X 

X 

S 

i 

z 

X 

1 
1  ORGANOPHOSPHOROUS  PEST'S.  1 
1         ^cont'd.) 

1  Malathlon            R 
1  (ng/L)               T 

1  Methylparathlon        R 
1  (ng/L)               T 

1  (ng/L)               T 

1  Mevinphos             R 
1  (ng/L)               T 

1  (ng/L)               T 

1  Phorbale              R 
1  (ng/L)               T 

1  (ng/L)               T 

1  Ronnel                R 
1  (ng/L)               T 

1  MASS  SPEC. 

1 

1  Ol-N-Butyl  Phthalate    R 
1  (ug/L)               T 

1 

1 


0) 


c 
o 


■o 

01 


o 
a. 

0) 


> 
o; 

E 
i- 


c  .c 

o  ■*■> 

E    B 

E  i 

o 

u  u 

*♦-  > 

F"" 

^    0» 

<u  s 

to>  to) 

(0 

^■B      ^BB 

3  .— 

U    iQ 

^v 

(fl    S- 

(J    O 

i*- 

(/) 

0)  -o 

3  a; 

• 

F—     to> 

01 

(O    o 

>    3 

.a 

■O 

ig 

0)   c 

to> 

w  o 

(O    u 

<*- 

u 

o 

<U  *J 

>  o 

■o 

(0    c 

e 

<u 

■a  01 

c     IQ 

*j 

<9  s 

«i 

E  a> 

1/) 

3    C 

0) 

E  — 

4J 

O 

c    Q. 

e 

—  e 

E   «s 

^— 

OO 

(O 

« 

c 

E     • 

o 

3    1/1 

t^- 

E  *J 

^ 

—    O) 

•  ^ 

X  0) 

^ 

(O  £ 

•o 

X   i/i 

< 

àj 

4-1 

O 

o 


o» 

IQ 

a. 


C 
O 

o 


m 
< 


DRINKING 
WATER  OBJ 

z 

u-l 

O 

DWSP 
DETECTION 

Z 

— ^0>            l^^OSl^^O^i— *CTii-^O^i-^^i^0^i^0^i-^O^i^^CT^ 

•3            1        -31        «31        •31        -31        «31        '31        •3i        -31        -3 

0>-'          lO— 'i0^^iO>—    lO-— 'i0^iO"^i0^^i0^iO^ 

1 

CD 

en 

i 

Z 

X 

X 

i 

00 

ï 

X 

X 

œ 

< 

z 
X 

X 

i 

a» 

< 

X 

X 

t 

MASS  SPEC. 

■o 

c 
o 
u 

N-Dichloromethylene-    R 
Pentachloroanallne 
(ug/L)               T 

Diphenyl  Ether         R 
(ug/L)             T 

Fluoranthene          R 
(ug/L)                T 

Hexachloropropene      R 
(ug/L)              T 

Methyl  Phenanthrene     R 
(ug/L)               T 

Naphthalene           R 
(ug/L)                T 

Pentachlorobutadlene    R 
(ug/L)                T 

Pentachloropropane     R 
(ug/L)               T 

Pentachloropropene     R 
(ug/L)               T 

Pyrene                R 
(ug/L)                T 

il 

a. 


C 
O 
U 


CD 

< 


DRINKING 
WATER  OBJ 
GUIDELINE' 

'                  ' 

0/0.1 
(ml) 

1  500 

1 

1  OWOO 
1  Bacti 

1  OWOO 
1  Bacti 

DWSP    1 

DETECTION  I 

LIMIT    1 

_)     1          _i     1                                   11                  1                  <                       '                 < 

^    1          —    1                                   11                 1                  1                        1                  1 

— .O^l-.O^l                                     II                   1                   1                         1                   1 

d  -2-  !    d  >2-  1                               1          1   O         i   O         '                     i   O         1    O 

— 

< 

1 

00       z 

2    ï 

X 

i 

CO     z 

X 

< 

Il                                     1            1                   1                   1                         II 

< 

1             11                    '       !          1          !              !          ! 

(S       2 

2    5 

> 
< 
a 

c                               II                                               1                1                        1                        1                                II 

1                     II                                 1           1                1                1                      II 

c 

J               1            ,                        1        1            1            1                11 

»                            Il                                           1)11                             ri 

c              '           '                     !       !           !           1              11 

(S      a 

2    3 

E             !          !                    !       1          1          1              11 

> 
< 

3 

<             Il                    1111              II 

^         i       i              i     i       i       i         i       i 

■ 

LU 

!•>    - 

4 
(•) 

2. 

oc  >—    <   oc  »—    1 

—                1    >,       1 

1     c          1 
o           V            1      (V            1 
c          1    £          1 
LJ        ta         1^1 
c         <->          1    —          1 
o          3           1     â           I 

u       .a        1    o        1 
a'       u         1    u         1 

S      1  °      1  < 

£        1   £        1   — 

u  —    1     u  ^-    1    et 
•a  _/    1     «  — 1    <    ui 

u  ^    1      u   ^    1    ►- 
•J    CTl    1     <->    CT>    1     U 
01     3      1      «    3     1     < 

U 
OJ 

«-) 

3 

Il             1             1 

OL    1    ac    1    OL          1    K          1 

Il                   1                   1 
Il                   1                   1 

(1                   1                   1 
Il                1    «^          1 
1  a    1              1    c        1 

,    o     1                    13            1 
u.     1    ^     1    u.           1     O           1 
X     1    CD     1    X           1    <-> 

6    1     B    1     B  ^   1     *i          1     •• 

i.   1    Cl    c  —1   1   «  ^^  1    1- 

O     1     o     1     o    s     >     «  —1     1     OJ 

<te      1      1^      1      Vb               1    —     s       1      -^ 

,_    1   ._    1   ._  o    1   a.  ^  1    « 

—  1    —     1    —  O     '          w     1    3 

o    1    o    1    o  —    1   -o  c    1 

1_)     1     o     1    u  ^«    1      ^    3     '     "O 

1         1        «J    1    «  o    1    OJ 

—  1   —    1    —   c    1    -o  u    1    w 

10     1     «     1      «    3     1      c  ^'    1      « 
«J     1    w    1     u    o     >     >«          '     V 
o     1     o     >     M    w     1     w  u.     1     u 
>—     1    ►—     1    1^  '-^    1    ut  X     II— 

1       — j  1 
s    1 

1     ,  o   1 

«J    1    jt  o    1 

vrt     1      u  —     1 

it      1      ifl    »^     1     u. 

>—     1    CO  «^     1    X 

1            C     1 
*J     1     B    3     1     6  ^ 
Cl     C    O     1     U  — 1 
V     1     OUI     O    E 
1/1     (    «*.  ^-'    1    <«. 
i3     ,    —           1    —  O 
<     .    —  u-     1    ^  O 
^1     O  X    1     o  — 
«J     1    IJ            1     o  ■ — 
c     .            -o     1            -i-i 
o;    1    —    c    i    —    c 
>/l     1      «    3     1      «    3 
01     1     w    o     1     vj    o 
k.    1     o   ^    1     nu 
a.    1    —   CTv  1   -.  --^ 

>» 

I 


V 


c 

o 

■o 

o; 

■t-> 

i- 

o 

a. 

0) 

L. 

irt 

m 

3 

^ 

« 

> 

01 

(^B 

Q. 

e 

re 

(/) 

.a 

10 

u 

Cl 

>» 

^M 

.c     • 

*j  m 

c  f 

£   C 

g   g 

O 

u    0) 

1*-  > 

^^ 

■o   0) 

a;  S 

4->    ^ 

10 

imm    ^^ 

3  1— 

U    (0 

fHB 

10   s- 

u  o 

i*- 

V) 

V  -o 

3    Qi 

• 

1—    ■!-> 

c; 

(0    u 

^M 

>    3 

.a 

■O 

lO 

0)   c 

+j 

w  o 

fO    u 

>+- 

k. 

o 

0)   -u 

>  o 

■o 

10    c 

c 

<u 

-o   i" 

c    fO 

4-) 

n  5 

10 

E  a> 

{/I 

3    C 

0) 

S  — 

4-> 

o 

C  a. 

c 

—   S 

E     «3 

!■— 

1/1 

10 

ff> 

c 

E     • 

o 

3    lA 

•p» 

E  -^ 

^ 

•1-    a; 

•^ 

X    01 

"O 

«3  x: 

-3 

X   1/1 

< 

0) 

■!-> 

O 

o 

00 


0) 


C 

o 
o 

LU 
< 


DRINKING 
HATER  OBJ, 

guideline' 

DWSP 

DETECTION 

LIMIT 

1 

00 
Ol 

X 

X 

00 

> 
<< 

z 
X 

X 

LO 

es 

«t 

z 
X 

1                    ]•;;;;;; 

X 

< 
X 

CO 

<: 

z 

X 

X 

1 

LU 

< 

•6 

■4U 

C 

o 

• 

T3 

«-> 
C 
O 

u 

(U 

■tu 

«c 

3 

■o 
0; 

«3 

ai 

u 

Standard  Plate  Count    T 
MF  (count/lOO  mL) 

If  Present/Absent  Test 

> 

O 

a. 

Coliform  P/A           R 

Fecal  Coliform  P/A      R 

T 

E.  Coll  P/A            R 
Aromonas  P/A          R 

Staph.  Aureus  P/A      R 

T 

1/1 

t. 

i 

o 

«/» 

•^ 

u 

OJ 

^ 

4^ 

o 

«n 

c 

•^ 

« 

4-> 

c 

0) 

o 

3 

u 

'-' 

> 

c 

<d 

at 

«»■ 

c 

^— 

"^ 

3 

^» 

ut 

w 

O 

■o 

■o 

c 

3 

OJ 

ot 

IB 

I. 

4-> 

1- 

o 

c 

Ol 

1^ 

01 

4-> 

^ 

i 

u 

IB 

0) 

o 

i3 

OJ 

> 

L. 

c 

a> 

•f— 

E 

^ 

r^ 

> 

^~ 

o 

,_» 

4-> 

c 

LU 

o 

•o 

1 

»— 

c 

•^ 

o 

lU 

i. 

a; 

f— 

3 

^     . 

Q 

^ 

0) 

f 

o 

o> 

a. 

^ 

4-> 

4-> 

u 

IB 

c 

Q. 

i 

z 

>b. 

>*- 

•o 

■B 

oo 

•^ 

■g 

o 

o 

4-> 

C 

LU 

o» 

-^^ 

CTt 

IB 

IB 

t— 

•^ 

■O 

«Ï 

C 

>» 

01 

^-s 

3 

(_) 

o 

u 

a. 

^— 

u 

u 

tJ 

z 

o 

^ 

»— 

UJ 

J£ 

4.> 

c 

1 

Ol 

01 

0* 

^ 

V 

o 

to 

c 

l/t 

OJ 

c 

■o 

«/I 

k 

s 

01 

> 

o 

3 

•^ 

•r- 

l/l 

■^ 

u 

IB 

c 

(U 

a. 

^— ^ 

1. 

c 

■o 

^ 

^■-^ 

.X 

X 

0> 

U- 

U- 

in 

*" 

o 

>. 

■o 

z 

"o 

„^ 

„_ 

IB 

c 

c 

E. 

01 

1 

« 

c 

V) 

O 

u 

f 

E 

4-> 

L. 

o 

^-^ 

I. 

Oi 

l/l 

3 

■o 

o 

lO 

c 

o 

o 

</1 

a. 

a. 

o 

^ 

■o 

o 

•^» 

^ 

(U 

u- 

•^ 

w 

Q. 

a. 

4^ 

a. 

u 

■a 

• 

3 

4-1 

f 

a> 

k 

lU 

t. 

^1^ 

'-^ 

OJ 

IB 

a. 

■o 

o 

IB 

c 

^ 

CT> 

u 

u 

< 

^ 

lO 

c 

f 

U 

U 

-  ' 

Ol 

IB 

<o 

3 

0) 

4-> 

•^ 

4>> 

c 

c 

c 

4.1 

</1 

f 

E 

UJ 

u- 

u> 

c 

> 

c 

^— 

o 

o 

OJ 

c 

c 

o 

u 

IB 

.C 

-J 

o 

£ 

o 

<u 

o 

a; 

u 

(/I 

a; 

o 

a. 

IB 

o> 

4-> 

°5 

■M 

l/l 

*r— 

^ 

*'**^ 

■o 

3 

p— 

»— 

a; 

u 

o 

4-> 

< 

>. 

^" 

u 

4-> 

(O 

— - 

o 

r— 

^^ 

i~ 

c 

^— 

w 

a. 

•o 

IB 

►— 

l_> 

«a 

ai 

u 

4-> 

T3 

3 

■o 

•^- 

•*— 

o. 

o 

•F- 

a. 

OJ 

4-> 

C 

Ol 

c 

OJ 

e 

OJ 

c 

lO 

Ol 

o 

E 

u 

u 

n 

f 

IB 

3: 

a; 

I 

o 

4-> 

«0 

c 

4-> 

OJ 

^^^ 

E 

CT 

1/1 

o 

c 

ITS 

>— ^ 

>**.. 

u 

4-> 

a> 

i- 

k 

■o 

IB 

T3 

« 

u- 

•^ 

u 

•^ 

<_) 

o 

o 

at 

i. 

IB 

f— 

o; 

3 

c 

^ 

f 

c 

O 

a. 

s 

^ 

3: 

a. 

0) 

U 

^ 

a. 

O 

IB 

Q. 

IB 

u 

u 

<« 

<u 

3 

3 

a. 

i~ 

IB 

"O 

C 

c 

o 

4-1 

(U 

^- 

4-> 

i- 

i/> 

T3 

4-> 

1/1 

o 

\. 

o 

IB 

4-> 

u- 

c 

^ 

fO 

c 

<« 

4-> 

Ul 

C 

a. 

4-1 

o 

l- 

c 

<u 

4-> 

4-> 

o 

u- 

C 

c 

U 

4-1 

OJ 

l- 

■o 

4-> 

■o 

u- 

Ol 

l/> 

E 

o 

C 

u 

^ 

o 

o 

IB 

v. 

o 

IB 

c 

£ 

u 

O 

OJ 

(U 

4-) 

<u 

(U 

(U 

a. 

«B 

O 

u 

a. 

IB 

u 

01 

Ol 

c 

c 

■t-l 

i- 

in 

c 

Ê 

E 

3 

4-> 

4-> 

a. 

4-> 

L. 

IB 

IB 

4-> 

0) 

o 

4-> 

o 

<a 

C 

•^ 

c 

3 

<e 

>a 

• 

(U 

* 

OJ 

1/1 

4-> 

OJ 

■o 

I. 

u 

^ 

c 

a. 

•^ 

^" 

o 

E 

■? 

tM 

IM 

01 

» 

4-> 

4-1 

g 

0) 

4-> 

O) 

a. 

■o 

3 

3 

OJ 

■4-1 

ai 

(O 

lU 

u 

■^ 

-^ 

•*- 

u 

V 

U1 

18 

3 

w 

to 

c 

o; 

T3 

4-> 

> 

1/1 

■o 

o 

o 

4-1 

■o 

■•" 

X 

lO 

c 

c 

4-> 

u 

o; 

3 

E 

4-> 

IB 

IB 

£ 

a. 

C 

X 

c 

0> 

o 

c 

•^ 

> 

«0 

« 

(B 

•^ 

4-> 

4-1 

•^ 

•^ 

4-> 

.C 

to 

IB 

LU 

l- 

3 

Vb. 

a; 

o 

3 

c 

E 

^ 

o» 

o> 

r— 

■^- 

Ol 

X 

^ 

-      - 

4-> 

'i 

Ol 

■t-> 

u 

o» 

LU 

-M 

u 

u 

r— 

*— 

c 

IB 

0) 

•  • 

f~i 

C 

OJ 

Ol 

f^ 

lO 

^-^ 

•a 

*^ 

o 

o 

U 

<B 

E 

u 

<u 

^ 

IB 

£ 

"O 

« 

4-> 

4-> 

(/» 

01 

ifl 

Oi 

U 

O 

^ 

0^ 

4-1 

Q 

IB 

c 

U 

4-> 

X3 

Ol 

3 

<•) 

»— 

c 

lU 

in 

(U 

JC 

f 

Q. 

o; 

•^ 

c 

E 

a. 

IB 

^- 

4-) 

IB 

■o 

1/1 

IB 

4-t 

•a 

a 

(U 

4-> 

O 

^ 

4-1 

4-» 

a. 

CT> 

4-> 

IB 

O 

j: 

U- 

W1 

•*" 

«J 

a 

•^ 

« 

a. 

^ 

1— 

1/1 

O 

u 

U 

(/I 

OO 

£ 

4-* 

4-1 

IB 

o 

U- 

Ol 

> 

'*~ 

^ 

4-> 

o 

■o 

lO 

-B 

E 

1/1 

t- 

■o 

Ol 

E 

Ol 

Ol 

•^ 

c 

I. 

E 

oo 

u 

(U 

lU 

<U 

<B 

E 

"o 

OJ 

4^ 

IB 

.^ 

U 

TS 

l- 

1*. 

C 

>) 

4-» 

Ol 

■o 

u 

o 

io 

a. 

4-> 

z 

Z 

l- 

ÏB 

4-1 

■o 

c 

i- 

U 

4^ 

<u 

o; 

o 

IB 

s- 

c 

3 

c 

o 

u- 

■o 

</1 

CT1 

U 

.a 

(B 

OJ 

<^ 

o> 

o 

c 

^ 

TS 

4-> 

IB 

1/1 

•^ 

<*. 

<t 

<u 

«c 

OJ 

■o 

•o 

Ol 

o 

3 

4-1 

o 

>- 

^ 

4-> 

f^ 

L. 

1/1 

3 

^ 

S 

a. 

4-> 

a. 

Ol 

r— 

r^ 

F— 

o 

u 

IB 

Q 

i- 

IB 

Î 

o 

IB 

o 

CT 

r-i 

u 

r^ 

UJ 

•*— 

LU 

C7> 

I. 

U 

^ 

c 

u 

3 

0) 

3 

o 

3 

4-< 

4-> 

c 

"g 

OJ 

IB 

3 

oo 

c 

oo 

3 

o 

o 

•^ 

IB 

.^ 

IB 

l- 

Q 

U 

o 

o 

<4- 

O 

£ 

o 

a 

0^ 

<_> 

O 

=) 

3 

3 

(/I 

3 

3 

E 

c 

E 

S- 

4-> 

O 

E 

4-> 

u 

4-> 

u 

X 

c 

o 

II 

II 

II 

II 

II 

II 

II 

II 

II 

M 

_i 

II 

.J 

II 
0( 

u 

c 

Ol 
1/1 

< 
■^ 
Ol 

u 

c 

Ol 

W1 

Ol 

II 

II 

II 

M 

— i 

II 

II 

II 

II 

II 

II 

II 

II 

II 

«o 

O. 

41 

CT) 

Ol 

I. 

Ol 

+ 

« 

* 

'~ 

U 

■a 

(U 

Ol 

OJ 

tn 

^ 

j: 

E 

c 

Q. 

Q£ 

>— 

4-1 

3 

>, 

+ 

+ 

« 

« 

« 

— 

1 

o 

00 


0) 


< 

o 

a. 


UJ 

3 
z 


a 


> 
< 


< 

D 
O 

cc 

LU 
< 

< 

liJ 

> 

I 

UJ 

Z 

o 


It 

UJ 

-J 
00 

< 

I- 


DRINKING 
WATER  OBJ, 

UJ 

z 
_l 

LlJ 

o 

=) 

250 
(mg/L) 

(TCU) 

OWSP 
DETECTION 
LIMIT 

0.2 
(mg/L) 

0.05 
(mg/L) 

0.1 
(mg/L) 

0.2 
(mg/L) 

0.5 
(TCU) 

0.01 
(umho/cm) 

0.1 
(mg/L) 

0.4 
(mg/L) 

0.1 
(mg/L)  , 

0.2 

1 

00 

a» 

o 

LU 

o 

> 
o 

z 

86.7 
77.4 

0.05 
0.05 

5.95 
12.50 

17.0 
7  0 

201.0 
207.0 

o 

a. 

LU 
»/1 

o 

< 

84.7 
73.3 

0.10 
0.05 

5.95 
12.60 

13.0 
4,5 

197 
203 

_l 
—3 

Z 

>- 

95 
85.7 

0.05 
0.05 

6.65 
12.20 

14.5 
5.0 

223 
231 

a: 

< 

a: 

00 

LU 

83.2 
83.2 

0.05 
0.05 

5.0 
9.4 

24.5 
11.0 

208 
210 

z 

< 

"-3 

>- 
cr 

h- 
UJ 

3: 
«_> 

1 

< 

LU 

Z 
LlJ 
C3 

>- 

»— 
LU 

1 

< 
a: 

LU 

z 

LU 

Alkalinity            R 
(mg/L)                T 

Ammonium  (Total)       R 
(mg/L)               T 

Calcium              R 
(mg/L)                T 

Chloride             R 
(mg/L)               T 

Colour               R 
(TCU)                T 

Conductivity          R 
(umho/cm)             T 

Field  Chlorine         R 
(Combined)             T 

Field  Chlorine         R 
(Free)               T 

Field  Chlorine         R 
(Total)              T 

Field  pH             R 

T 

1/1 

>. 

« 

c 

n) 

0) 

o. 

e 

la 

1/1 

i~ 

a> 

JZ 

<u 

*-> 

^— 

c 

.Q 

o 

lO 

E 

4-1 

lO 

>*- 

o 

OI 

u 

■o 

c 

c 

o 

<u 

<u 

■^ 

I. 

re 

Its 

1/1 

T5 

(U 

o; 

4-1 

4-1 

o 

u 

c 

o 

a. 

^" 

<Xi 

ra 

u 

c 

o 

tA 

•^ 

OI 

•M 

-1 

•^- 

■o 

ifl 

■a 

> 

< 

o 

CM 


C 
O 

U 


m 
< 


DRINKING 
WATER  OBJ 
GUIDELINE^ 

1 

(FTU) 

2.4 
(mg/L) 

cl 

10  (mg/L   1 
as  N)   1 

1  (mg/L    1 
as  N)   1 

0.15      1 
(mg/L)    *l 

DWSP 

DETECTION 

LIMIT 

0.01 
(mg/L) 

0.5 
(mg/L) 

0.05 
(mg/L) 

0.05 
(mg/L) 

0.005 
(mg/L) 

0.1 
(mg/L) 

0.01      1 
(mg/L)    1 

1 

UJ 

O 

> 
O 

0.07 
0.06 

95.0 
95.5 

0.15 
0.05 

0.005 
0.005 

0.40 
0.40 

8.261 
8.051 

1 
1 
1 

t— 
o 

a. 

UJ 

*/i 

^ 

< 

0.07 
0.88 

93.0 
91.5 

0.15 
0.10 

0.01 
0.005 

0.40 
0.20 

8.23 
8.10 

1 
1 
1 

^ 

z 

•-3 

>- 

0.05 
0.94 

100 
100 

0.05 
0.05 

0.025 
0.015 

8. 081 
7.681 

O. 

Qi: 

1          !          1          !          !          1          1          1          1 
•          1          1          1          1          1          1          1          1 

1            1           !           1           1          !          1          1           1          1 

OQ 

UJ 

U. 

0.10 
1.01 

100 
99.7 

0.25 
0.20 

0.045 
0.010 

/./Il 
7.251 

1 
1 
1 

z 
■< 



1 

1      GENERAL  CHEMISTRY 

1         (cont'd.) 

1  Field  Temperature      R 
1  (°C)                 T 

1  Field  Turbidity        R 
1  (FTU)                T 

1  Fluoride              R 
1  (mg/L)               T 

1  Hardness              R 
1  (mg/L)                T 

1  Magnesium             R 
1  (mg/L)                T 

1  Nitrate              R 
1  (mg/L)               T 

1  Nitrite               R 
1  (mg/L)               T 

Nitrogen  Total         R 
!  KJeldahl  (rog/L)        T 

1  pH                  RI 

T 

Phosphorus  Filtered     R 
Reactive  (mg/L)        T  1 

01 

a. 


C 
O 

u 


œ 
< 


drinking 
water  obj 
guideline' 

1                      1                      1            =3     1 
1                        1                        1             U.      1 

G 

0.05 
(mg/L) 

(mg/L) 

(mg/L) 

0.005 
(mg/L) 

DWSP    1 

DETECTION  1 

LIMIT   1 

0.01 
(mg/L) 

0.1 
(mg/L) 

(mg/L) 

0.01 
(FTU) 

0.003 
(mg/L) 

0.001 
(mg/L) 

0.001 
(mg/L) 

0.001 
(mg/L) 

0.02 

(mg/L) 

0.0003 
(mg/L) 

ri  — 



UJ 

o 

> 
o 

z 

0.02 
0.02 

139 

1.21 
0.27 

o 

a. 

U1 

till                                        1                        1                        1                        1                        I 
1                        1                        1                        1                                       1                        1                        1                        1                        1 

< 

0.020 
0.020 

131 
133 

0.78 
0.38 

VO 

1            1            1            1                    1            1            1            1            1 

1            1            1            1                    1            1            1            1            1 

)               1            1            1            1                    1            1            1            1            1 

00        — 

)               1            1            1            1                    1            1            1            1            1 
)               1            1            1            1                    1            1            1            1            1 

> 

4 
S 

0.020 
0.02 

147 
150 

0.89 
0.47 

0.001 
0.001 

Q 

a 
«J 

a 
< 
a 

I             1          1          1          1                1          !          1          1          ! 

''                          1                    1                    <                    1                                 till) 

^         !       !        ;       ;            1       !       1       1        ! 

L                                                                                                                1                   1                   1                   1                   1 

a 
u 

Li 

1  UK   1 

13.5 
137 

0.48 
0.33 

0.014 
0.015 

3 
< 

I                1            1            1            1                    1            1            1            1            I 

■3                          1                     1                    1                    1                                 1                    1                    1                    11 

■  "■ 

>- 

X  ' 

UJ    1 

X  - 
U  -1 

—J 

UJ 

z 

UJ 

(coni  a. ) 

Phosphorus  (Total)     R 
(mg/L)               T 

Sodium              R 
(mg/L)               T 

(mg/L)                T 

Turbidity             R 
(FTU)                 T 

Aluminum              R 
(mg/L)                T 

Arsenic              R 
(mg/L)               T 

Barium                R 
(mg/L)                T 

Beryinun             R 
(mg/L)                T 

Boron                 R 
(mg/L)               T 

Cadmium              R 
(mg/L)                T 

</i 

>> 

la 

c 

<o 

0) 

piv 

a. 

f^ 

t/1 

.o 

« 

u 

a» 

.c 

U 

4-> 

^— 

c 

X) 

i 

IB 

4J 

« 

t^ 

o 

a; 

u 

■o 

c 

c 

o 

(U 

a; 

«J 

I. 

IB 

lO 

1/) 

T3 

01 

a> 

4^ 

■è-> 

o 

u 

c 

o 

a. 

^— 

(U 

IB 

u 

c 

o 

CI 

•  ^* 

<v 

.t.^ 

T 

■^ 

•o 

ifl 

■o 

> 

< 

o 

T 

ai 

fO 

o. 


C 
O 

o 


03 
< 


DRINKING   1 
WATER  OBJ   1 
GUIDELINE^  1 

0.05       1 
(mg/L) 

(mg/L) 

0.2 

(mg/L) 

0.3 
(mg/L) 

0.05      1 
(mg/L)     1 

0.05      1 
(mg/L)     1 

1        1 
(ug/L)    1 

DWSP 
DETECTION 
LIMIT* 

1          1          1           1          1          1          1          1           1 
1          1          1           1          1          1          1          1           1 
1          t          1           1          1          1          1          1           1 
1          1          1           1          1          1          1          1           1 

0.001 
(mg/Li 

0.001 
(mg/L 

0.001 
(mg/L 

0.001 
(mg/L 

0.002 
(mg/L 

0.003 
(mg/L 

0.001 
(mg/L 

0.001 
(mg/L) 

0.01 

(ug/L] 

0.002 
(mg/L) 

CD 

LU 

O 

> 
o 

Z 

<-) 
O 

a. 

LU 

< 

— 1 

z 

Z) 

>- 
< 

1          1          1          1          !          1          1          !           !         • 

CL. 

< 

< 

Z 

CQ 
LU 
U. 

0.072 
0.060 

Z 

< 

t/1 

< 

H- 
LU 

Z 

■a 

c 
o 
u 

Chromium             R 
(mg/L)               T 

Cobalt               R 
(mg/L)               T 

Copper               R 
(mg/L)               T 

Cyanide              R 
(mg/L)               T 

Iron                 R 
(mg/L)               T 

Lead                R 
(mg/L)               T 

Manganese             R 
(mg/L)               T 

Molybdenum            R 
(mg/L)               T 

Mercury               R 
(ug/L)               T 

Nickel               R 
(mg/L)                T 

o 
in 


C 

o 
u 


LU 
-J 
CD 
< 


drinking 
water  obj 
guideline' 

0.01 
(mg/L) 

0.02 
(mg/L)    t 

(mg/L)    h 
1 

1  10 

1  (ug/L)    h 

1  350 

1  (ug/L)   ++ 

1  3 

1  (ug/L)    h 

1  100-300 
1  (ng/L)   h* 
1 

DWSP    1 

DETECTION  | 

LIMIT    1 

0.001 
(mg/L) 

0.001 
(mg/L) 

0.002 
(mg/L) 

0.001 
(mg/L) 

0.001 
(mg/L) 

(ug/L) 
(ug/L) 

(ug/L) 

1  1 
(ug/L) 

1 

LU 

o 

> 
o 

o 

LiJ 

< 

z 

=5 

1           '          1          '          '          '                 111 

>- 

i 

cr 

o. 
•t 

1 

CD 

UJ 
Lk. 

Z 

<: 

-J  - 
<  •u 

(—    c 
uj    o 
X   u 

Selenium            R 
(mg/L)               T 

Strontium             R 
1  (mg/L)               T 

1  (no  units  available)    T 

1  Uranium              R 
1  (mg/L)                T 

1  (mg/L)               T 

1  Zinc                 R 
1  (mg/L)               T 

1  PURGEABLES 

1 

1  Benzene              R 

1  (ug/L)               T 

1  Bromoform             R 
1  (ug/L)               T 

1  Carbon  Tetrachloride    R 
1  (ug/L)               T 

1  Chlorobenzene         R 
1  (ug/L)               T 
1 

lo 

>> 

m 

c 

« 

o; 

a. 

E 

lO 

\A 

\. 

O) 

.c 

U 

4-) 

^— 

C 

.a 

4^ 

« 

<*- 

O 

o; 

u 

■o 

C 

c 

o 

OJ 

O) 

«J 

&. 

(B 

<o 

Irt 

■o 

01 

ai 

*J 

4-> 

o 

k. 

e 

O 

a. 

^" 

(i; 

ra 

w 

c 

o 

1/1 

•F- 

OJ 

^ 

3 

■•" 

"O 

•a 

■o 

> 

«S 

o 

VO 

ai 

la 
a. 


C 
O 

u 


LU 

CD 
< 


DRINKING 
WATER  OBJ 

Z 

O 

Zi 
C3 

350 

(ug/L)   +^ 

350 

(ug/L)   ++ 

400 

(ug/L)    e 

400 

(ug/L)    e 

400 

(ug/l)    e 

350 

(ug/L)   ++ 

10 

(ug/L)    h 

0.3 

(ug/L)    h 

DWSP 
)ETECT10N 

« 

X 
1 

3'             31             31             31             31             31             31             3'             3'             3 

00 

LU 

O 

> 
o 

Z 

t— 
O 

o. 

LU 

< 

— 1 

1                     1                     1                     1                     1                     <                     1                     1                     t 

>- 

a: 

o. 
< 

a: 

CQ 

LU 

u- 

z 
< 

U1 

ii*j 
_j 
m 

< 

UJ 

tj 

Oi. 

=) 
o. 

4-1 

c 
o 

u 

Chlorodibromomethane    R 
(ug/L)                T 

Chloroform             R 
(ug/L)                T 

1.2  Dichlorobenzene     R 
(ug/l)                T 

1 .3  Dichlorobenzene     R 
(ug/l)                T 

1 ,4-Dichlorobenzene     R 
(ug/L)                T 

Oichlorobromomethane    R 
(ug/l)                T 

1 ,1-Dichloroethane      R 
(ug/L)                T 

1,2-Dichloroethane      R 
(ug/L)                T 

1 ,1-Dichloroethylene    R 
(ug/L)                T 

T. 1,2  Dlchloroelhylene  R 
(ug/L)                T 

o 

01 

■a 

o. 


C 
O 
U 


OQ 

< 


DRINKING 
WATER  OBJ, 

LU 

Z 

LU 
O 

=J 

40 

(ug/L)   c 

1400 
(ug/L)    e 

620 

(ug/L)    c 

620 

(ug/L)    c 

620 

(ug/L)    c 

100 

(ug/L)    c 

1.7 

(ug/L)    e 

10 

(ug/L)    h 

DWSP 

DETECTION 

LIMIT 

3 

(ug/L) 
(ug/L) 
(ug/L) 

ug/L) 
ug/L) 
ug/L) 
ug/L) 
ug/L) 
ug/L) 

1          1           1          1           1          1          1,1          1 

00 
Os 

(_) 

LU 

O 

> 
o 
z 

o 

1           1           1          1           1           1          1           1          1 

a. 

LU 
U1 

3 
T 

z 

>- 

(           1          1           1           1          1          1           1          1 
1           1          1           1           1 

i_     _    ..      .,  _ 

a: 

1           1           1           1           1          1          1           1          1 
1           1          1           1           1          t          t           1          1 

m 

LU 

1 

1        PURGEABLES 
1         (cont'd.) 

1  Dichloromethane        R 
1  (ug/L)               T 

1  1.2-D1ch1oropropane     R 
1  (ug/L)               T 

1  Ethylbenzene          R 
1  (ug/L)               T 

1  Ethylene  Dibromide     R 
1  (ug/L)               T 

1  M- Xylene              R 
1  (ug/L)               T 

1  0-Xy1ene              R 
1  (ug/L)               T 

1  P-Xylene              R 
1  (ug/L)               T 

Toluene              R 
(ug/L)               T 

1  1,1.2,2-Tetra-         R  1 
1  chloroethane  (ug/L)     T 

t  Tetrachloroethane      R 
1  (ug/L)               T 

(/» 

>» 

^— 

■e 

c 

« 

a> 

o. 

(^ 

i/> 

.a 

lO 

u 

o> 

.c 

V 

■M 

^B 

C 

.Q 

4>> 

<0 

«^ 

o 

OJ 

u 

■o 

c 

c 

o 

0) 

o; 

«J 

w 

fO 

•a 

*/i 

■o 

<u 

<u 

4-) 

*J 

O 

u 

C 

o 

a. 

F— 

ai 

ra 

w 

c 

O 

W1 

■^ 

OJ 

^ 

-) 

•^ 

T3 

iC 

■a 

> 

< 

o 

00 

o. 


C 
O 

U 


UJ 

m 
< 


o  -5 

Z   CD 
—   O 

Z   OL 

1—    tu 

a:  H- 

a  <: 

3 

-t 

Z 
wJ 

Q 

=) 
O 

u    1         ai    1        ^1         i-    1              1 
1              1              1         +    .              1 

o  CTi  1         ^1         o^  1   o  u^  1              1 

03i              31O31U-131                      1 

•«     1        01       •«     1        01       « 

■ni                         1              «         1                         1              « 

1                 1          ■»      1                 1 

00^1     0^1     00^1     OO^i     0^^ 
OCiOCiOCiOCiOC 

Z 
O 

DWS  F 

DETECl 

LIM 

--^1               ^v.1               -"«.I               -»-l               ~^l                                 ■ 1               ■ ^1               ^.1               -^1               ■ 

0^    1            o^   1            o^    1            ^   1            0^    1                         CT>    1            CT1    1            CT1    1            W    1            CTi 

31             31             31             31             31                           Cl             Cl             Cl             Cl             c 

1 

UJ 

O 

1                   1                   1           v£)     .                   1                                1                   1                   1                    1 
1                   1                   1           00     1                   1                                1                   1                   1                    1 

> 
O 
Z 

1                           1                           1               Lfl       1                           1                                             1                           1                           1                           1 

1                   1                   1           VO     1                   1                                1                   1                    1                    1 

l_) 

o 

1                   1                   1           ^     1                   1                                1                   1                   1                    1 

1              1              1        CO    1              1                        1              1              1               1 

o. 

UJ 
U1 

1                   1                   1             1      1                   1                                1                   1                   1                    1 

«I 

1                  1                  1          VO    1                  1                              1                  1                  1                  1 

— 1 

1                   1                   1             1      1                   1                                1                   1                   1                    1 

z 

;;;§;:             ;        :        :        : 

1                         1                        1             (NJ      1                        1                                         I                         1                         1                         1 

>- 
< 

X 

1              1              1        a»   1              1                       1              1              1              1 
1              1              1        ("^   Il                       1              1              1              t 

0£ 

< 

1                   1                   1           CT>     1                   1                                1                   1                   1                    1 
1                   1                   1           fv,     1                   1                                1                   1                   1                   1 

a: 

< 

1                       1                      1            CM     1                      1                                     1                      1                       1                       1 

CD 

UJ 

u. 

1                      1                      1            CM     1                      1                                      1                      1                       1                       1 
1                      1                      1            V     1                      1                                     1                      1                       1                       t 

z 
< 

1                       1                      1            kO      1                      1                                     1                      1                      1                       1 

PURGE  ABLE  s 

■o 

■é.> 
c 
o 
u 

1.1,1-Trlchloroethane   R 
(ug/L)               T 

l.l.?-îr1chloroethane   R 
(ug/L)                T 

Irlchloroethylene      R 
(ug/L)                T 

lotal  Trihalomethanes   R 
(ug/L)                T 

Irif luorochloro-        R 
toluene  (ug/L)         T 

ORGANOCHLORINES 

Aldrln                R 
(ng/L)                T 

Alpha  BHC             R 
(ng/L)                T 

Alpha  Chlordane        R 
(ng/L)                T 

Beta  BHC              R 
(ng/L)                T 

Dieldrln              R  | 
(ng/L)                T 

00 


o 

oi 


C 

o 
u 


m 
< 


drinking 
water  obj 
guideline' 

200 
(ng/L) 

700 

(ng/L)  *** 

3000 
(ng/L)  +++ 

3000 
(ng/L)  -t-t-f 

10 

(ng/L)    h 

1  19000 
(ng/L)    e 

4000 
(ng/L) 

100000 
(ng/L) 

DWSP 
DETECTION  1 
LIMIT 

^1       _ji       _ii       _ii       _ii            1       —Il       —Il       —Il       —1 

CT>1             CT»I            CT*I             Oïl             CT*I                     1             Oïl             Oil             cril             o> 
Cl             Cl             Cl             Cl             Cl                     1             Cl             Cl             Cl             c 

T 

00 

LU 

O 

o 

o 

UJ 

<: 

1 

z 
=> 

>- 
i 

oc 
a. 

o: 

CO 

UJ 

Z 
-5 

1                         1 
ORGANOCHLORINES     1 

1         (cont'd.)        1 

Endrin               R 
1  (ng/L)               T 

1  Gamma  Chlordane        R 
1  (ng/L)               T 

1  (ng/L)               T 

1  Heptachlor            R 
1  (ng/L)               T 

1  (ng/L)               T 

1  Hexachlorobutadiene     R 
1  (ug/L)               T 

1  Hexachloroethane       R 
1  (ng/L)               T 

1  Lindane              R 
1  (ng/L)               T 

1  Methoxychlor          R 
1  (ng/L)               T 

1  Mirex                R 
1  (ng/L)               T 

1/1 

>. 

^— 

IO 

c 

Ifl 

di 

>^ 

a. 

E 

«0 

»/» 

^ 

ifl 

i. 

en 

£ 

V 

4-1 

^— 

c 

J3 

« 

14- 

0 

0^ 

O 

■0 

c 

C 

o 

V 

ai 

+J 

i. 

IB 

<o 

l/t 

■o 

V 

a^ 

4-> 

4-> 

0 

u 

C 

o 

a. 

*■— 

m 

flS 

w 

c 

0 

i/i 

•  ^ 

4; 

4-1 

-) 

•^ 

■0 

IO 

■a 

> 

< 

o 
o 


O) 

a» 

a. 


C 
O 
U 


CD 
< 


DRINKING   1 
WATER  OBJ   1 
GUIDELINE^  1 

30000      1 
(ng/L)    dl 

3000      1 
(ng/L)    tl 

74000      1 
(ng/L)    el 

1         dl 

1          d 

1         d 

1 1   DWSP    1 

Il  DETECTION  1 

DEC  II   LIMIT   1 

il          1 

Il  1        1 

Il  (ng/L)    1 

Il 1 

Il  5        1 
Il  (ng/L)    1 

Il  2 

Il  (ng/L) 

Il  20 

Il  (ng/L) 

Il  1 

Il  (ng/L) 

Il  5 

Il  (ng/L) 
1 Il 

1     II  1 

1     II  (ng/L) 

1 Il 

1     II  5 

1     II  (ng/L) 

1 Il 

1     II  1 

1     II  (ng/L) 

1 Il 

1     II  1 

1     II  (ng/L) 

i     II 

5» 
O 

Z 

<-> 

o 

a. 

LU 
(•1 

<: 

vO 

'                       '                      '                      1                      1                      1                       1                      t                      ' 
1                      '                      '                      '                                            ,                      ,                      1                      1 
1                       '                      '                                            j                      1                      ,                      1                      1 

00      — 

-H        Z 

1                            '''111,11 
)                            '                      '                                             ,                      1                      t                      1                      '                      ' 

> 

S 

a 
o 

c             '           1           !          1          1          i           '          '           ' 

a 
< 

a 

'             '          '          !          1          1          '          '          '          ' 

a 

L 
L 

0             '          '          1          ',          1          1          1          1          1 

II 

ORGANOCHLORINES     II ^ 

...                   1  I    1  A  kl 

(cont'd.)        M  j«n 

1                  "    T 

1  Octachlorostyrene      R  1 1     1 
1  (ng/L)               TU     1 

1  Q.P-DDT               RM     1 
1  (ng/L)               T  II     1 

1  (ng/L)                TU     1 

1  PCB  Total             R  II 
1  (ng/L)               T  M 

1  (ng/L)               T  II 

1  P.P-DDO               R  M 
1  (ng/L)               T  II 

1  (ng/L)                T  II 

1  P.P-DDT               R  II 
1  (ng/L)                T  M 

1  chlorobenzene  (ng/L)    T  1 1 

1 II— - 

1  1.2,3,5-Tetra-         R  II 
i  chlorobenzene  (ng/L)    T  1 1 
1                       II 

Ol 

en 
la 

Cl. 


c 

O 
u 


LU 

—I 

m 
< 


DRINKING 
WATER  OBJ 

4 

LU 
Z 

_l 

Q 

38000 
(ng/L)    e 

74000 
(ng/L)   ea 

74000 
(ng/L)   ea 

10000 
(ng/L)    y 

15000 
(ng/L)    y 

10000 
(ng/L)    y 

10000 
(ng/L)    g 

DWSP 

DETECTION 

LIMIT 

_ii       —Il       —Il       —Il            1       —Il       —il       —Il       —Il       —1 

Ol    1              Ol    1              Ol    1              C^    1                      1              Ol    1              Ol    1              Ol    1              Ol    1              ^^ 

Cl             Cl             Cl             Cl                    1             Cl             Cl             Cl             Cl             c 

^H  >i,--    1     CM  - — '    1     <T  ^-^    1     ^  ^— '    1                      1     ID  — ^    1     ID  ^^    1     ID  '—'    1     ID  •—'    1     ID  »— • 

1 

CO 

LU 

O 

o 
z 

<-) 

o 

a. 

LU 

«c 

— J 
zs 
'-i 

z 

>- 

a: 

o. 
«t 

1                      1                      !                      1            .         1                      1                      1                      1                      ! 

CL 

UJ 

u. 

z 
< 

T) 

<•> 

LU 

Z 

cr 
o 

—1 
z 
<_) 

o 
z 
<: 

a: 

o 

c 
o 

U 

1,2,4.5-Tetra-         R 
chlorobenzene  (ng/L)    T 

Thiodan  I             R 
(ng/L)               T 

Thiodan  II            R 
(ng/L)               T 

Thiodan  Sulphate       R 
(ng/L)               T 

Toxaphene            R 
(no  units  available)    T 

1.2,3-Tr1chlorobenzene  R 
(ng/L)               T 

1,2,4-Trlchlorobenzene  R 
(ng/L)               T 

1,3,5-Trlchlorobenzene  R 
(ng/L)               T 

(ng/L)               T 

2,4,5-Trlchlorotoluene  R 
(ng/L)               T 

</i 

>i 

^— 

« 

c 

iQ 

V 

^— 

a. 

E 

«0 

\A 

^ 

« 

U 

o» 

£. 

0) 

4-> 

^" 

C 

^ 

(0 

4-> 

10 

>4- 

O 

0) 

o 

■O 

c 

c 

o 

0) 

o; 

4-1 

u 

10 

<o 

l/» 

■o 

0) 

o» 

■tJ 

-!-> 

o 

k 

c 

o 

Q. 

^" 

o; 

Ifl 

L. 

c 

o 

1/1 

•f— 

o; 

4-1 

3 

•^ 

■o 

i« 

"O 

> 

< 

ai 

a. 


C 
O 

o 


CD 
< 


DRINKING   1 
WATER  OBJ   1 

guideline'  I 

1 

46000      1 
(ng/L)    !l 

1  10000      1 
1  (ng/L)    !l 

1  1000      1 
1  (ng/L)    !! 

z 
o 

—    H- 
Q.    t_    — 

1/1  t_>  X 
3  UJ  — 
O  t—  — 1 

UJ 

O 
t_) 

UJ 

O 

Il          1 

Il          1 

Il          1 

Il  5        1 

Il  (ng/L)    1 

Il 1 

Il          1 

Il          1 
Il 1 

Il  50 

Il 

II 
II 
Il 

Il  50 

Il 

1     II  100 

1     II  (ng/L) 

1 Il 

1     II 

1 Il 

1     II  50 

1     II  (ng/L) 

1 Il 

1     II  50 

1 Il 

1     II  50 
1     II  (ng/L) 
1     II 

> 
O 

z 

o 

a. 

UJ 

«•1 

i 

E 

'            1            1           I            1            •            '            '            ' 

'            ]            ,            1            i            1            i            '            ' 

00       — 

'            1           !           1            1            1            '            '            ' 
)                      1            I           1            1            1            '            '          J 1 

> 
<1 
2 

-                      1            1           1            '            '            '            !            1            1 

a 

Q 

< 

'                     !           1           1           1           '           '           '           '           1 

c 
< 
3 

■^                     1           1           1           '           '           '           '           '           1 

c 
1. 
i. 

D                                  '                  !                 1                 1                 1                  1                  '                  '                  1 

«j                     '           1           1           1           1           I           1           ' 

Il 

TRIAZINES       M 

1                             M  JAN  1 

1 Il       1 

1  TRIA7INFS               11     ! 

T""T      i       i       i       i       i       i       i 

'             !            1            1             1             1             '             '             ! 

ï    i                     ;       i       i       i       i 

=        '                                                                     '              '              ' 

^             '                      '                                                                                       c                      1                      '                      ' 

°     '         :                                 >        1         '         ' 

1    i      i            i      i      i      ;      i      i 
Sli|îilli|i;;liilil^;l^|i^i  — 

0) 


C 
O 

u 


LU 

— J 

m 
< 


DRINKING 
WATER  OBJ 
GUIDELINE^ 

10000 
(ng/L)    ! 

100000 
(ng/L) 

18000 
(ng/L)    ! 

87000      1 
(ng/L)    !| 

10000      1 
(ng/L)    h 

10000      1 
(ng/L)     1 

DWSP 
DETECTION 

^ 

z 

^1               '^l                                "-.I               ->-l               ---1               -^1               ^1               ^1               -v^l               --^ 
OCTll              CT>I                   OWlOWlOCTll              CT>lOCT>lOW>l              CT>l              0> 
OCiOCi                 OCiOCiOCiOCiOCiOCiOCiOC 

CO 
0^ 

LU 

O 

o 
z 

»— 
o 

a. 

LU 
1/1 

— 1 

z 

>- 

IX 

< 

ex 

m 

LU 

U. 

Il                       1              1              1              1              1              1              1 

«t 

1 

1         TRIAZINES 
1         (cont'd.) 

1  Sencor               R 
1  (ng/L)               T 

1  Simazlne             R 
1  (ng/L)               T 

1  SPECIAL  PESTICIDES 

1  2,4-D                R 
1  (ng/L)               T 

1  2,4-0  Butyric  Add     R 
1  (ng/L)               T 

1  Dicamba              R 
1  (ng/L)              .  T 

Pentachlorophenol      R 
1  (ng/L)               T 

1  Picloram             R 
(ng/L)               T 

2,4-0  Propionic  Acid    R 
(ng/L)               T 

1  Sllvex               R  1 
(ng/L)               T 

2,4,5-T              R 
(ng/L)               T 

l/> 

>> 

10 

C 

« 

Q. 


C     .O 

o     « 


OJ 

u 

"O 

C 

C 

o 

01 

lU 

4-1 

^ 

Ifl 

<a 

lA 

-o 

lU 

ai 

■>-> 

■4-1 

o 

k. 

c 

O 

a. 

^" 

ai 

(O 

u 

c 

o 

wi 

•^ 

Ol 

*> 

3 

•^ 

■o 

<fl 

"O 

> 

< 

O) 
Ol 

■o 
a. 


C 
O 
O 


m 
< 


DRINKING 
WATER  OBJ, 

z 

UJ 

o 
=1 

C5 

10000 
(ng/L)    h 

o  — i  1         1         1         1 
o  ^  1       1       1        1 
o  0>  1         1         1         1 
^  c  1         1         1         , 

«— <  '^-^   1      1      1      1 

DWSP 

DETECTION 

LIMIT 

50 
(ng/L) 

50 
(ng/L) 

100 
(ng/L) 

50 
(ng/L) 

50 
(ng/L) 

50 
(ng/L) 

00 
o» 

LU 

a 

> 
o 

t— 
<_) 

o 

a. 

UJ 

< 

—1 

-3 

>- 

OC 

o. 

< 

< 
z 

CO 
UJ 

z 
< 

-5 

UJ 

t_J 

1— 

UJ 

o. 

— i 
«t 

UJ 

a. 
to 

■a 

C 

o 

u 

2,3,4,5-Tetra-         R 
chlorophenol  (ng/L)     T 

2.3,5.6-Tetra-         R 
chlorophenol  (ng/L)     T 

2.3.4-Tr1chlorophenol   R 
(ng/L)               T 

2.4.5-Tr1chlorophenol   R 
(ng/L)               T 

2.4.6-Tr1chlorophenol   R 
(ng/L)               T 

ORGANOPHOSPHOROUS  PEST'S. 

Dlazlnon              R 
(ng/L)                T 

Olchlorovos           R 
(ng/L)               T 

Dursban              R 
(ng/L)               T 

Ethlon               R 
(ng/L)                T 

Guthion              R 
(ng/L)               T 

ai 
ai 

a. 


C 
O 
o 


OQ 
< 


DRINKING 
WATER  OBJ, 

UJ 

Z 

— J 

UJ 

Q 

=> 
C3 

7000 
(ng/L) 

35000 
(ng/L) 

34000 
(ug/L)    e 

DWSP 

DETECTION 

LIMIT 

1       _<   1             1             1       _i   1             1             1             1                _i 
1       ^^  1             1             1       ^.^  1             1             1             1                -.^ 
1        CT*  1             1             t        CT  1111           ^^  o* 

lOCi                   1                   lOCi                   1                   1                   1                    .3 

00 

LlJ 

a 

> 
o 

t— 
o 

a. 

LU 

O 

= 

«£ 

Z 

>- 

•< 

Of 

CO 

UJ 

< 

to 

h— 
UO 

a. 

!•> 

O 

cr 

o 

a. 

O 

a. 
o 

z 
< 

oc 

o 

4-> 

C 

o 

u 

Malathlon            R 
(ng/L)               T 

Methylparathlon        R 
(ng/L)               T 

Methyltrithlon         R 
(ng/L)               T 

Mevlnphos             R 
(ng/L)               T 

Parathlon            R 
(ng/L)               T 

Phorbate             R 
(ng/L)               T 

Reldan                R 
(ng/L)               T 

Ronnel                R 
(ng/L)                T 

MASS  SPEC. 

Dl-N-Butyl  Phthalate    R 
(ug/L)               T 

1/1 

>> 

lO 

c 

la 

<v 

o. 

E 

10 

</i 

^ 

lO 

L. 

a> 

^ 

a; 

4.1 

^— 

C 

.o 

4-> 

l« 

<♦- 

O 

V 

u 

■o 

c 

c 

o 

OJ 

o; 

*-) 

l- 

10 

lO 

l/l 

•o 

« 

ai 

4-> 

■>-> 

o 

u 

c 

o 

Q. 

^— 

ai 

(0 

w 

c 

o 

1/1 

•»— 

01 

w 

-) 

■^ 

-o 

«o 

■o 

> 

<: 

o 


a. 


C 
O 

U 


CD 
< 


drinking  1 
water  obj  1 
guideline'  1 

1 1   DWSP    1 

Il  DETECTION  j 

DEC  II   LIMIT   1 

II          1 

II  0.1       1 

II  (ug/L)    1 

II          1 
Il 1 

II  0.1      1 
II  (ug/L)    1 

II  0.1 
II  (ug/L) 

II  0.1 
II  (ug/L) 

II  0.1 
II  (ug/L) 

II  0.1 
1     II  (ug/L) 
1 Il 

1     II  0.1 
1     II  (ug/L) 

1 II 

1     II  0.1 
1     II  (ug/L) 
1 Il 

1     II  0.1 
1    II  (ug/L) 
1 Il 

1     II  0.1 
1    II  (ug/L) 

1    II 

> 
o 

1— 
<-) 

o 

kU 

1/1 

'          '          *                               1           1           1           t 
'           '                               1           1           1           1           ' 

c: 

< 

'''111!!! 
'          '          '                    1          1          1          1          1 

r- 

'                '          '          '          1          1          1          1          1          1 
'                ''il 
)                 '          '          !          !           !          1           1          1           ' 

OD        - 

>                 ''          I          1          1           1           !          !           1 

3                                   ''                      1                      I                      I                      1                      1                      1                      1 

> 
< 
a 

r                                           l                          1                          1                          1                           '                           '                           ' 

^                                           i                          1                          1                          1                           1                          1                           >                          ■                           > 

o 
a 
< 

1^                                           1                           1                          1                          t                           1                          '                           ' 

Ë                '          1          !          1          !          !          1          1          ' 

o 
< 
3 

a 

Ll 
Ll 

t                 '''III!!' 

E            i       !       i       i       i       i       i _L ± 

Q                         '                '                '                1                1                1                1                1                1 

Ll                                                     '                                 '                                                                                                                                     1                                 I                                 1                                 I 

U                                       '                        '                                                                        1                        i                        1                        1                        1 

3 
< 

C                                               '                             '                             '                             1                              1                             1                             1                             I                              1 
t                                               '                              '                             '                                                                                                                                                                                  1 
■5                                               '"'il 

'                             '                             '                             '                              '                                              

II 

MASS  SPEC.       II 
.  .  .  >       Il 

(confo.) 

1                      " 
1  N-DIchloromethylene-    R  1 1 
I  Pentachloroanallne       1 1 
1  (ug/L)               T  II 

1  Diphenyl  Ether        R  1 1 
1  (ug/L)              T  I! 

1  Fluoranthene          R  1  1 

1  Hexachloropropene      R  1 
1  (ug/L)                T  1 

1  Methyl  Phenanthrene     R  1 
1  (ug/L)               T  1 

1  Naphthalene           R  1 
1  (ug/L)               T  1 

1  Pentachlorobutadiene    R  1 

1  Pentachloropropane     R  1 
1  (ug/L)             T  1 

1  Pentachloropropene     R  1 

1  Pyrene                R  1 
1  (ug/L)               T  1 
1                      1 

O 


(U 

<d 

a. 


C 
O 
U 


m 
< 


DRINKING 
WATER  OBJ, 

UJ 

z 

LU 

O 

0/0.1 
(mL) 

600 

OWDO 
Bactl 

OWDO 
Bacti 

DWSP 

DETECTION 

LIMIT 

_i    1        _i    1                            II              1              1                   1              1 
^1-^1                            II              1              1                   1              1 

—    0»l-^W>l                                            II                      1                      1                              1                       1 

d>^id-^i                           1         lo        lO        1                  lO        lO 

1 

00 

LU 

O 

> 
o 

z 

<_) 

o 

o. 

LU 
4/1 

< 

— 1 
=3 
•-3 

>- 

'             '                 ....'_,'__,    I.  ....  -1,    .     .         '   _         ' 

a. 
< 

OD 

LU 

U. 

< 

LU 

•O 

■«-> 
c 
o 
u 

Tetrachlorbutane       R 
(ug/L)               T 

Tetrachloroblphenyl     R 
(ug/L)               T 

BACTERIA 

•  • 
o; 

le 

3 
X 

« 
oc 

Total  Conform  MF      R 

Total  Conform  BKGD     R 

Fecal  Conform  MF      R 
(count/100  mL) 

Standard  Plate  Count    R 
MF  (count/mL) 

Treated  Water: 

Present/Absent  Test     T 

Total  Conform  Back-    T 
ground  MF  (count/lOO  mL) 

Fecal  Conform  MF      T 
(count/lOO  mL) 

1/1 

« 

a. 


<0 

u 

o» 

£ 

OJ 

4-> 

^.. 

c 

.o 

4..) 

«o 

>^ 

O 

0> 

u 

■o 

c 

c 

o 

<u 

01 

4U 

u 

IW 

«o 

1/1 

•o 

o; 

0^ 

4.J 

4U 

o 

U 

c 

O 

a. 

^~ 

Ol 

IZ 

u 

c 

o 

i/< 

•p- 

OJ 

4U 

-) 

•*• 

■O 

« 

■o 

> 

< 

00 


o 

00 


en 

o. 


C 
O 
O 


CQ 
< 


DRINKING   1 
WATER  OBJ   1 
GUIDELINE^  1 

1   DWSP    1 
1  DETECTION  1 
1   LIMIT   1 

u 

LU 

O 

1 

O 

LU 
«•1 

'                       '            !            !                                   1            1 
'                       'ill 

C! 

«t 

1                       '           '            1            1            1            1            1 
'                       '            1                                   1            1            1 

>£> 

1                      1                       '            '            1            I            1            1            1 

•                       '                        ! 

'                       '                                                1            1            1            1            1 

00       — 

a» 

—      z 

'                       '                        !            1            !            !            1            1            1 
)                       1                        1            !            !            '            1            1            1 

> 
< 

2 

>                       1                        1            1            1            1            >            ■            1 

Q 
O 

«a 

E                   1                    î          !          1          1          1          1          ! 

o 
< 

a 

^                                        1                                         III'**' 

^                   1                    1          1          1          1          !          !          ! 

a 

Ll 
U 

3                      '                       '            1            !            !            !            1            1 
J                      1                                   !                       1                       1            1 

a 
< 

E                      '                       '            '            1            I            1            1            1 
0                      1                       1            1            1            1            1            1            1 

â£  - 

LU    A 

h- 
(_> 

ea  - 

(coni  a.»       1 
1  Treated  Water  (cont'd.)   1 

i  Standard  Plate  Count    T  1 
1  HF  (count/lOO  mL)        1 

1  If  Present/Absent  Test    1 

. . 
a> 

> 

O 

a. 

\   Conform  P/A          R  1 
1  Fecal  Conform  P/A     R  1 
1  E.  Coli  P/A           R  1 
1  Aromonas  P/A          R  1 
1  Staph.  Aureus  P/A      R  1 

c 
o 


u 

O) 

O) 

•o 

a. 

3 
O 

C 


01 


o 

«1 

"" 

u 

a; 

£ 

4.» 

— 

O 

«fl 

C 

•^ 

<a 

4-J 

c 

at 

o 

3 

u 

*^ 

19 

> 

c 

l« 

at 

lb 

c 

^— 

•#* 

3 

^~ 

1/1 

at 

O 

;2 

"O 

c 

3 

at 

O» 

la 

k 

4.» 

k 

o 

C 

01 

•*- 

at 

4J 

_ 

§ 

u 

at 

o 

â 

at 

> 

u 

c 

at 

> 

Ê 

u 

H- 

c 

c 

UJ 

o 

at 

f 

o 

at 

u 

at 

ps 

3 

,^^ 

p 

•^ 

at 

£ 

o 

o> 

& 

^ 

4_> 

*J 

u 

'Q 

c 

CL 

1 

3 

>ta 

<k. 

at 

^ 

LU 

CT> 

? 

_ 

<y> 

O 

o 

c 

^- 

^ 

"O 

< 

c 

>. 

0) 

^Ê^ 

s 

f_^ 

o 

U 

a. 

^" 

u 

o 

!_; 

z 

Q 

O 
0) 

> 

o 

UJ 

3 

c 

(/» 

c 

01 

I/I 

1 

01 

c 

at 

1/1 

at 

O 

c 

V 

a. 

u 

c 

•a 

â 

<^ 

^ 

X 

at 

>^ 

u. 

•^ 

^* 

o 

■o 

•^ 

^- 

<a 

c 

o 

^^ 

>» 

X 

o 

^^ 

^-^ 

c 

a. 

at 

' 

c 
o 

1/1 

u 

C 

o 

o 

§. 

4-1 

a. 

o 

o 

13 

k. 

at 

1/1 

3 

^^ 

•^ 

•*" 

at 

<*- 

•^ 

at 

Q. 

a. 

4-> 

a. 

u 

•^ 

• 

3 

*i> 

£ 

a» 

u 

at 

u 

■*— ^ 

*— ' 

at 

Ifl 

a. 

•a 

o 

■o 

C 

T 

O^ 

u 

3 

< 

at 

4-1 

c 

«J 

c 

c 

c 

I. 

4-* 

at 
1/1 

c 

<9 

LU 

>*- 

«1 

c 

> 

C 

^ 

o 

o 

at 

C 

c 

o 

(J 

(Q 

£ 

— i 

o 

£ 

o 

at 

o 

at 

U 

(/> 

a> 

o 

a. 

l« 

CTI 

^^ 

m 

«^ 

>/> 

•^ 

^ 

■ — 

■o 

3 

*^ 

»— 

at 

u 

o 

4J 

< 

>> 

•^ 

u 

w 

« 

•^ 

O 

1^ 

»— 

u 

c 

^ 

^ 

a 

T3 

1^ 

^ 

u 

« 

i 

l-> 

4U 

■o 

3 

■o 

•^ 

•^ 

Q. 

o 

.«— 

a. 

at 

^J 

c 

at 

c 

a> 

at 

C 

■o 

O» 

o 

E 

u 

u 

.a 

£ 

<9 

X 

u 

X 

o 

*^ 

■« 

c 

4iJ 

at 

__ 

E 

en 

i/i 

o 

c 

■« 

*— ^ 

>— s 

k 

4-> 

w 

t. 

u 

"O 

•9 

•o 

<o 

>b. 

•^" 

u 

•#— 

ut 

o 

o 

at 

u 

« 

at 

3 

c 

-_ 

£ 

c 

o 

a. 

E 

X 

X 

a. 

at 

u 

A 

a. 

O 

■fl 

Q. 

•fl 

i. 

w 

<0 

at 

3 

3 

a. 

^» 

1« 

■o 

C 

c 

o 

'lli> 

at 

^ 

4>> 

u. 

^-' 

*^ 

t/i 

■o 

4^ 

i« 

o 

V. 

o 

«Q 

^J 

«^. 

c 

£ 

•fl 

c 

•« 

4-1 

1/1 

a. 

4-1 

o 

u 

c 

at 

*J 

4-J 

o 

>te 

c 

c 

k 

4-> 

■«— 

at 

W 

1. 

4U 

■o 

1^ 

Ol 

(/I 

E 

O 

C 

u 

^ 

2 

o 

<o 

L. 

u 

>« 

£ 

o 

o 

ot 

(U 

w 

at 

at 

at 

Q. 

« 

o 

u 

a. 

(Q 

u 

at 

at 

c 

4-> 

u 

t/1 

c 

E 

E 

3 

4-> 

«■J 

a. 

b» 

w 

<0 

« 

4.' 

01 

o 

4-> 

o 

ifl 

c 

•*~ 

Z 

3 

<« 

« 

* 

at 

■ 

at 

1/1 

4.> 

at 

■o 

w 

u 

^ 

c 

a. 

•^ 

^ 

O 

E 

? 

ISI 

IS 

at 

• 

4^ 

4-* 

E 

at 

4-1 

2^ 

Q. 

"O 

3 

3 

ot 

■w 

at 

«0 

at 

k. 

*^ 

■^ 

^" 

i~ 

at 

Ul 

<a 

3 

u 

1/1 

at 

•o 

*J 

> 

1/1 

"O 

8 

o 

■4»! 

■o 

•^ 

X 

« 

C 

c 

4U 

u 

at 

S 

E 

4.' 

<a 

■fl 

£ 

a. 

c 

X 

c 

at 

c 

•*" 

> 

l« 

<o 

« 

^» 

4.> 

4-> 

•-• 

4U 

£ 

i/i 

iQ 

UJ 

u 

3 

Vk. 

at 

o 

3 

c 

E 

£ 

o» 

o> 

^^ 

•^ 

w 

i 

1» 

4-> 

3 

s 

Ol 

4-< 

u 

W> 

UJ 

-lU 

u 

u 

^ 

r— 

c 

at 

•  • 

O 

c 

01 

at 

*— 

lO 

^— ' 

■O 

^ 

o 

o 

u 

« 

•^ 

E 

u 

at 

S 

^— 

A9 

£ 

•o 

ifl 

4-1 

M 

</« 

at 

« 

at 

u 

u 

^ 

at 

4-> 

«O 

c 

w 

4^ 

£ 

at 

3 

VI 

h- 

C 

« 

irt 

at 

£ 

£ 

a. 

at 

•*— 

c 

E 

a. 

« 

.^J 

■a 

•o 

W1 

« 

4.J 

"O 

a 

at 

4.) 

o 

z 

*J 

4.» 

a. 

a> 

4-t 

« 

o 

£ 

lb 

1/1 

•^- 

<a 

o 

•^- 

« 

Ok 

^— 

^" 

1/1 

o 

u 

k. 

1/1 

!•> 

£ 

4-t 

4-> 

« 

o 

14- 

Ot 

> 

•*■ 

â 

*J 

o 

■a 

•fl 

<0 

E 

<A 

u 

■o 

at 

E 

at 

Ol 

■^ 

c 

i. 

1 

t/1 

u 

at 

at 

at 

■fl 

E 

o 

at 

^-> 

•O 

J< 

U 

■o 

U 

Vk. 

c 

>l 

4-> 

o> 

■o 

k. 

o 

Q. 

-I-) 

X 

X 

u 

3 

4-> 

■o 

C 

u 

L. 

4-* 

at 

at 

o 

Ifl 

k 

C 

3 

c 

o 

v^ 

■a 

1/» 

a> 

U 

2 

« 

at 

a» 

o 

c 

£ 

•o 

4-> 

19 

1/1 

■^ 

<*. 

< 

at 

< 

at 

■o 

■o 

•^ 

a» 

o 

S 

4-1 

o 

>- 

^» 

bl 

^— 

u 

1/1 

3 

01 

"^ 

S 

a. 

UJ 

«J 

UJ 

u 

i. 

^ 

2 

X 

at 

i 

I 

4.< 

i 

o 

4-1 

o 

c 

o- 

i 

(U 

« 

2 

1/1 

"c 

(•> 

3 

o 

â 

«^ 

■« 

« 

u 

Q 

o 

o 

1^ 

o 

£ 

8 

§ 

1/» 

o 

o 

3 

3 

= 

1/» 

3 

E 

c 

Ê 

w 

4-> 

O 

"i 

z 

4-> 

u 

4-> 

u 

X 

II 

II 

II 

II 

N 

II 

II 

II 

II 

II 

—J 

II 

_l 

II 
at 

at 

1/1 

n 
< 

at 

at 
1/1 
at 

II 

II 

II 

H 

— t 

■ 

II 

II 

Î 

II 

II 

II 

« 

II 

II 

II 

TJ 

a. 

« 

a> 

a> 

I. 

01 

M 

« 

« 

' — 

u 

■o 

at 

at 

Ot 

CT> 

£ 

£ 

E 

c 

o. 

ex 

►— 

4-» 

3 

>( 

■¥ 

+ 

« 

« 

« 

— • 

1 

O 

00 


OI 
CT> 

a. 


(X. 

o 
o 

Q. 


< 

3 
O 


o 


cr 
< 

D 


< 

D 
O 

cr 
m 
I- 
< 

cr 
< 

> 

I 

LU 

z 
o 

UJ 

_l 
CD 

< 


DRINKING 
WATER  OBJ 

z 

—1 
— 1 

=1 
=) 

L3 

250 
(mg/L) 

(TCU) 

DWSP 
DETECTION 
LIMIT    1 

0.2  , 
(mg/L) 

0.05 
(mg/L) 

0.1 
(mg/L) 

0.2 
(mg/L) 

0.5 
(TCU) 

0.01 
(umho/cm) 

0.1 
(mg/L) 

0.1 
(mg/L) 

0.1 
(mg/L) 

0.2 

[ 

1^ 

CD 

UJ 

o 

z 

75.2 
59.6 

0.05 
0.05 

4.0 
7.0 

17.5 
3.0 

187 
198 

t— 
<_> 

o 

a. 

UJ 

78.2 
63.4 

0.05 
0.05 

4.2 
9.0 

12.5 
3.5 

192 
200 

— 1 

Z 

>- 
< 
X 

80.2 
60.2 

0.05 
0.05 

2.4 
6.0 

19.0 
3.0 

201 
210 

a. 
< 

< 
X 

m 

UJ 

u. 

71.4 
64.2 

0.05 
0.05 

4.8 
9.4 

19.5 
10.0 

188 
192 

z 
< 

1            1             1            1            1             1             1             1             1 

>• 

ac 

X 
u. 

(_> 

_l 
< 
a: 

UJ 

Z 

-- 
GENERAL  CHEMISTRY 

Alkalinity            R 
(mg/L)                T 

Ammonium  (Total)       R 
(mg/L)                T 

Calcium              R 
(mg/L)                 T 

Chloride               R 
(mg/L)                 T 

Colour                R 
(ICU)                 T 

Conductivity           R 
(umho/cm)             T 

field  Chlorine         R 
(Combined)            T 

field  Chlorine         R 
(free)                T 

field  Chlorine         R 
(Total)               T 

field  pH              R 

T 

i/i 

>. 

■e 

c 

«o 

a; 

a. 

i/t 

.o 

<e 

w 

a> 

JZ 

01 

4-> 

^^ 

c 

.a 

la 

>4- 

O 

OJ 

u 

■U 

c 

c 

o 

a; 

<u 

*j 

w 

(0 

<a 

krt 

■o 

01 

a; 

*J 

■i-> 

o 

u 

c 

o 

a. 

^" 

a> 

IW 

w 

c 

o 

1/1 

•^ 

OJ 

4.1 

•3 

'^» 

■o 

IT) 

■o 

> 

•X 

zl 


o 

CVJ 

■a 

Q. 


C 

O 

CN 


m 
< 


DRINKING 
WATER  OBJ 
GUIDELINE' 

1 
(FTU) 

2.4 
(mg/L) 

c 

10  (mg/L 
as  N) 

1  (mg/L 
as  N) 

0.15 
(mg/L) 

DWSP 

DETECTION 

LIMIT 

1 

0.01 
(mg/L) 

0.5 
(mg/L) 

0.05 
(mg/L) 

0.05 
(mg/L) 

0.005 
(mg/L) 

0.1 
(mg/L) 

0.01 
(mg/L) 

œ 
o» 

•-< 

o 

LU 

O 

> 

i 

0.05 
0.94 

84.3 
86.3 

2.05 
5.50 

0.01 
0.005 

0.50 
0.30 

7.99 
7.07 

o 

a, 

LU 

«C 

0.07 
1.06 

88.1 
88.9 

—  _  —  —  -• 

0.10 
0.05 

0.035 
0.005 

0.50 
0.50 

7.81 
7.16 

=3 

!           !          1          !          1          1           !           i          1 

>■ 

0.06 
0.86 

91.0 
91.0 

0.20 
0.20 

0.015 
0.005 

0.50 
0.60 

7.84 
7.05 

a. 

a. 

oc 
1 

LU 

u. 

0.08 
1.61 

84.3 
84.3 

0.20 
0.15 

0.015 
0.005 

0.30 
0.30 

7.2 

z 

1 

1      GENERAL  CHEMISTRY 

1         (cont'd.) 

1  Field  Temperature      R 
1  (°C)                 T 

1  Field  Turbidity        R 
1  (FTU)                T 

1  Fluoride              R 
1  (mg/L)                T 

Hardness              R 
(mg/L)               T 

1  Magnesium             R 
(mg/L)               T 

1  Nitrate              R 
1  (mg/L)               T 

1  Nitrite              R 
1  (mg/L)               T 

1  Nitrogen  Total         R 
1  Kjeldahl  (mg/L)        T 

1  pH                  R 
1                     T 

1  Phosphorus  Filtered    R 
1  Reactive  (mg/L)        T 
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1  (mq/L)                T  1 

1  Turbidity             R  1 
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1  Aluminum             R  1 
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Chromium                                  R 
(mg/L)                                       T 

Cobalt                                     R 
(mg/L)                                     T 

Copper                                      R 
(mg/L)                                        T 

Cyanide                                    R 
(mg/L)                                        T 

Iron                                          R 
(mg/L)                                        T 

Lead                                          R 
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Manganese                               R 
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(ug/L)                                       T 

Nickel                                      R 
(mg/L)                                      T 

o 

(U 

en 

IT3 

a. 


O 


m 
< 


drinking 
water  obj 
guideline' 

0.01 
(mg/L) 

0.02 
(mg/L)    t 

(mg/L)    h 

1          •)-     1                1         j: 

-^  '                '                '    ^ 
^1         ^1         ^^11-^ 

^    1     O    CTl    1              O^    1     o    CT* 
O    3     1     IT)    3      1              3      1     O     C 

DWSP    1 

DETECTION  1 

LIMIT    1 

O.OOJ 
(mg/L) 

0.001 
(mg/L) 

0.002 
(mg/L) 

0.001 
(mg/L) 

0.001 
(mg/L) 

(ug/L) 
(ug/L) 

(ug/L) 

1  1 
(ug/L) 

r- 

00 

UJ 

O 

> 
o 

z 

y— 
o 

UJ 

t/1 

^ 

«£ 

Z 
-i 

>- 

a. 

•a 

oc 

0.001 
0.001 

0.004 
0.002 

CO 

UJ 

u. 

z 
< 



-  ' 

1 

METALS         1 
(cont'd.)       1 

Selenium             R 
(mg/L)               T 

Strontium             R 
(mg/L)               T 

1  Tin                  R 
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1  (mg/L)               T 
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1  (ug/L)               T 
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Chlorodibromomethane    R 
t  (ug/L)               T 

Chloroform            R 
(ug/L)               T 

1,2-Dlchlorobenzene     R 
(ug/L)               T 

1.3  Dichlorobenzene     R 
(ug/L)               T 

1,4-Dlchlorobenzene     R 
(ug/L)               T 

Dichlorobromomethane    R 
1  (ug/L)               T 

1  1,1-Dichloroethane      R 
1  (ug/L)                T 
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1  1.1-Dlchloroethylene    R 
1  (ug/L)               T 

1  T,l,2-D1chloroethylene  R 
1  (ug/L)               T 
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(ug/L)               T 

1,2-Dlchloropropane     R 
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Ethylbenzene          R 
(ug/L)               T 

Ethylene  Dlbromlde     R 
(ug/L)               T 

M-Xylene             R 
(ug/L)             T 

0-Xylene              R 
(ug/L)                T 

P-Xylene              R 
(ug/L)                T 

Toluene              R 
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Tetrachloroethane      R 
(ug/L)               T 
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1  Aldrln               R  1 
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1  Alpha  Chlordane        R  1 
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Endrln               R 
(ng/L)               T 

1  Gamma  Chlordane        R 
1  (ng/L)               T 

1  Heptachlor  Epoxide     R 
1  (ng/L)               T 
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1  (ug/L)               T 

1  (ng/L)               T 

1  Lindane              R 
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1  (ng/L)               T 

1  Mirex               R 
1  (ng/L)               T 
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Octachlorostyrene      R 
(ng/L)                T 

O.P-OOT               R 
(ng/L)                T 

Oxychlordane          R 
(ng/L)                T 
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(ng/L)               T 

Pentachlorobenzene     R 
(ng/L)                T 
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APPENDIX  B 
FILTER  BACKWASHING  GUIDELINES  AND  PROCEDURE 


FILTER  BACKWASHING  PROCEDURE 
PETERBOROUGH  WATER  FILTRATION  PLANT 


Backwashing  Filters 

1.  Close  Influent  Valve. 

2.  When  water  level  goes  below  top  of  troughs,  close  the  effluent  and  open  the 
drain. 

3.  Open  Back  Wash  Valve.  ■ 

4.  Open  Agitator  Valve. 

5.  Turn  backwash  pump  switch  to  low  rate. 

6.  After  about  3-5  min.,  shut  off  agitators,  go  to  high  rate. 

7.  When  backwash  water  becomes  reasonably  clear,  shut  off  backwash  pump. 

8.  When  water  is  no  longer  rising,  close  drain. 

9.  Close  Backwash  Valve. 

10.  Open  Influent  Valve. 

11.  Put  Filter  Rate  on  Auto. 


APPENDIX  C 
GRAPHICAL  TURBIDITY  DATA 


(niN)  Àiiaïayni 


APPENDIX  D 
JAR  TESTING 


PETERBOROUGH  WTP 
Jar  Test  Procedure 

The  jar  test  procedure  that  was  used  for  tests  1 
and  2  carried  out  on  Peterborough  raw  water  was  as 
follows: 

1.  Two  hundred  mL  sample  used. 

2.  Two  minutes  fast  mix,  i.e.  200  rpm. 

3.  Thirty  minutes  f locculat ion ,  i.e.  140  rpm. 

4.  Thirty  minutes  settling  time. 

5.  Filtration  through  a  Whatman  glass   microfibre 
filter,  followed  by  1.2  ym  filter. 

The  test  procedure  for  Tests  3  to  5  was  as 
follows: 

1.  1  Litre  samples  used. 

2.  Adjust  pH  if  applicable  (test  5). 

3.  Two  minutes  flash  mix  (>100  rpm). 

4.  Thirty  minutes  flocculation  (30  rpm). 

5.  Thirty  minutes  settling  time. 

6.  Filter  through  a  1.2   urn  membrane   filter   by 
vacuum  filtration. 


Gore  &  Storrie  Limited 


Page    1   of    1 


LABORATORY  RESULTS  SHEET 


IDATE       1  PROJECT  DESCRIPTION                      IJOB  NO. 

1  9  Apr/87  1  MOE  Water  Plant  Optimization  Study     1380.71 
1          1  -  Peterborough  WTP                   1 

1  SAMPLE  NO.  &  DESCRIPTION 
No.  1  -  Typical  raw  water  sample  collected  1  April  1987. 

iNo,  2  -  Typical  raw  water  sample  collected  10  Sept.  1987. 

1                             1  SAMPLE  1  SAMPLE  1  SAMPLE  1  SAMPLE 
1           PARAMETERS         ,^0.  1   |N0.  2   1  NO .      |N0. 

IpH                         1   8.08  1  7.88   1        1 
IColour  (HCU)               1  15-20  1  5-10   1        1 
iTurbidity  (NTU)            1   1.4   1  0.88   1        1 
lAlkalinity  (mg/L  as  CaCOs)!    92   1   90    1        1 
iHardness  (mg/L  as  CaCOs)   1   110   1   104          1 
1  Iron  (mg/L)                1        1        1        1 
iManganese  (mg/L)           1        1        1        1 

1  COMMENTS 

1                                                                                                                   • 

1  CONDUCTED  BY                    | REVIEWED  BY 

Gore  &  Storrie  Limited  TEST  NO.    1 

WATER  TREATABILITY  RESULTS  SHEET 


Idate             1  project  description                                            I  job  no  J 

1    9   Apr/87     1    MOE   -   Water   Plant   Optimization   Study              1380.71    I 
1                           1    Peterborough  WTP                                                              1                   | 

Itest  description                                                                                     I 
1    Removal   of   Turbidity   and  Colour   with  Alum                                             1 

1  JAR 
Ino. 

CHEMICAL     1                    1                                                                                                               1 
DOSAGES       1     FLOC     1                  WATER   QUALITY    AFTER   TREATMENT             I 
(mg/L)        IRATINGI 

II                 1            iTurb.     iColourl    Alk,     I    Hard.!                 1 
^^^^    II                 1    P"    l(NTU)     l(HCU)     1 (mg/L) 1 (mg/L) 1                 I 

1     1 

II                 II                 1                 1                 1                 1                 1 
II                  II                 1                 1                 1                  1                 1 

1     2 

II                  II                 1                 1                 1                  1                 1 

5       1            14         18.081     0.30    1     5-10    1       91       1     110       1                 I 

II                  II                  1                 1                 1                  1                 1 

1     3 

II                  II                  1                 1                 1                  1                 1 

10       1            14         18.081    0.24    1       5         1       90       1     110       1                 1 

II                 II                 1                 1                 1                 1                 1 

1     4 

15       1            13         18.081    0.20    1       5         1       86       1     110       1                 1 
II                 II                 1                 1                 1                 1                 1 

1     5 

20       1            13         18.081    0.22    1       5         1       84       1     108       1                 I 
II                 II                 1                 1                 1       -         1 

1    6 

25       1            12         18.081    0.20    1     <5         1       80       1     107       I                 | 

11                 II                 1                 1                 1                 1                 1 

1     7 

30       1            1     1-2       18.061    0.16    1     <5         1       78       1     106       1                 I 
II                 II                 1                 1                 1                 1                 1 

1  RAW, UNTREATED                      |8.08|     1.2       | 15-20     |       92       |     110       |                  | 

|SAMPLE   TEMPERATURE                  Start:           7.5°C             Finish:         16.5°C| 

1  COMMENTS                                                                                                                                        1 

iFloc   Rating:                       1   -   very  good                    •                                           1 
1                                                     2    -    good                                                                               1 
1                                                     3    -    poor                                                                               1 
1                                                     4    -    very   poor                                                                   1 
1                                                     5    -    no    floe                                                                        1 

1  CONDUCTED    BY                                                       | REVIEWED    BY                                                    | 

Gore  &  Storrie  Limited  TEST   NO.    2 

WATER  TREATABILITY  RESULTS  SHEET 


IdATE       I  project  DESCRIPTION                         1  JOB  NO. 

113  Apr/87  1  MOE  -  Water  Plant  Optimization  Study      1380.71 
1           i  Peterborough  WTP                         1 

ItEST  DESCRIPTION 

1  Removal  of  Turbidity  and  Colour  with  Polyaluminum  Chloride 

1     1  CHEMICAL  1        1 

IJARI  DOSAGES   1  FLOC  1        WATER  QUALITY  AFTER  TREATMENT 

INO. 1   (mg/L)   iRATINGl 

1    1  (1)  1     1       1     iTurb.  iColourl  Alk.  1  Hard.l 
1    1  PACll     1       1  P"  1 (NTU)  1 (HCU)  1 (mg/L) 1 (mg/L) 1 

1    1      1     1       II       1       1       1       1 

1  1  1      1     1       II       1       1       1       1 

|___| 1 1 1 1 1 1 1 1 

1  2  1   3   1     14    17.98!  0.18  1  5-10  1    90  1   107  I 

1  ___  1 1 1 1 1 1 1 1 1 

13  15   1     12    17.981  0.16  1  5-10  1    90  1   108  1 

|___| 1 1 1 1 1 1 1 1 

1  4  1  7.5  1     1  2-3   17.981  0.18  1  5-10  1    90  1   108  1 

|___| 1 1 1 1 1 1 1 1 

1  5  1  10   1     13    17.981  0.17  1   10   1    90  1   106  1 

|___| 1 1 1 1 1 1 1 1 

1  6  112.5  1     1   3    17.971  0.19  110-15  1    89  1   108  1 

|___| I-  — -1 1 1 1 1 1 1 

1  7  1  15   1     13    17.971  0.22  i   10   1    89  i   108  1 
1    1      1     1       II       1       1       1       1 

1  RAW , UNTREATED         |8.08|  1.2   | 15-20  |    92  |   110  | 

1  SAMPLE  TEMPERATURE        Start:     7.5°C      Finish:    14.0°C 

1  COMMENTS 

iFloc  Rating:         1  -  very  good           • 

1                    2  -  good 

1                    3  -  poor 

1                    4  -  very  poor 

1                    5  -  no  floe 

1(1)  Sternson  polyaluminum  chloride  added  from  a  10  mg/mL 
1     solution. 

1  CONDUCTED  BY                      | REVIEWED  BY 

Gore  &  Storrie  Limited 


TEST    NO.     3 


WATER  TREATABILITY  RESULTS  SHEET 


Idate     'project  description                  Ijob  noJ 

1 14  Sep/87  1  MOE  -  Water  Plant  Optimization  Study  1380.71  | 
1          1  Peterborough  WTP                        I        | 

ItEST  DESCRIPTION                                                1 

1  Removal  of  Turbidity  and  Colour  with  Alum  or  Polyaluminum  I 
1  Chloride.  1 
1  Aluminum  Residuals  Tested  -  1  Litre  Jar  Tests,  Raw  Water  #2.1 

1    1  CHEMICAL  II                    (1) 

jj^j^l  DOSAGES   1  pLQ(^  1        WATER  QUALITY  AFTER  TREATMENT     | 

INO.  1   (nig/L)   1  RATING  1                                           I 

1  1  (2)  |(3)  1  1  H  |Turb.  |Colour|  Alk.  |  Hard.|  Al  | 
1    |Alum  |PAC1|       1  ^      1 (NTU)  | (HCU)  | (mg/L) | (mg/L) j (mg/L ) j 

Irawl  II  II  1  1  I  I  I 
1  2  1  15  1  12-3  17.691  0.14  1  <5  1  81  1  104  1  0.21  1 
1  3  1  25  1  12  17.651  0.12  1  <5  1  77  |  102  1  0.15  1 
1  4  1  30   1     11-2   17.641  0.14  1   <5   1   80   1  100   1  0.14  1 

15  1      13  14    17.861  0.20  1   <5   1   88   1  104   I  0.21  1 

16  1  15  14  17.951  0.18  1  <5  1  91  1  104  I  0.26  1 
1  7  1      17.5  1   4    18.011  0.14  1   <5   1   90   1  102   I  0.31  1 

1  RAW , UNTREATED         |7.88|  0.88  |  5-10  |   90   j  104 

|SAMPLE  TEMPERATURE        Start:    24.0°C      Finish:    24.0°C| 

1  COMMENTS                                                      1 

•                                                                 I 

1(1)  Treatment  Steps:  Alum  or  Polyaluminum  Chloride  added;  1 
1  stirred  at  greater  than  100  rpm  for  2  minutes,  30  rpm  I 
1  for  30  minutes;  settled  for  30  minutes  and  filtered  1 
1     through  a  1.2  ym  membrane  filter  by  vacuum  filtration.    I 

1(2)  Commercial  grade  equivalent  AI2  (804)3  '  14H2  added  I 
1     from  a  10  mg/mL  solution.                                | 

1(3)  Sternson  polyaluminum  chloride  added  from  a  10  mg/L  | 
1     solution.                                               1 

1  Floe  Rating:  1  -  very  good  4  -  very  poor  1 
1  2  -  good  5  -  no  floe  1 
1                  3  -  poor.                                  1 

1  CONDUCTED  BY                      I  REVIEWED  BY                     | 

Gore  &  Storrie  Limited 


TEST  NO.  4 


WATER  TREATABILITY  RESULTS  SHEET 


DATE 

20  Sep/87 


PROJECT  DESCRIPTION 

MOE  -  Water  Plant  Optimization  Study 
Peterborough  WTP 


JOB  NO, 
380.71 


TEST  DESCRIPTION 

Removal  of  Colour  and  Turbidity  with  Alum  or  Polyaluminum 

Chloride. 

Aluminum  Residuals  Checked,  1  Litre  Jar  Tests,  Raw  Water  #1 


1  CHEMICAL  II                    (1) 
j^j^l  DOSAGES   1  pLOC  1       WATER  QUALITY  AFTER  TREATMENT 
NO.I   (i"g/L)   IRATINGI 

1  (2)  |(3)  1       1   pj  |Turb.  |Colour|  Alk.  |  Hard.  |  Al 
|Alum  |PAC1|       1  ^   |(NTU)  | ( HCU )  | (mg/L ) | (mg/L ) | (mg/L ) 

rawl      II       II       1       1       1       1 

2  1  15   1     14    17.291  0.30  1   <5   1   84   1  104   1  0.29 

3  1  40   1     11-2   17.201  0.18  1  <<5   1   75   1  104   1  0.15 

4  1  50   1     11-2   17.111  0.17  1    5   1   71   1  104   1  0.12 

5  1      13  13    17.341  0.16  1   <5   1   91   1  104   1  0.16 

6  1      15  13    17.341  0.16  1   <5   1   90   1  104   1  0.21 

7  1      17.5  1   3    17.311  0.16  1   <5   1   88   1  104   I  0.25 

RAW, UNTREATED         j  "^  •  ^^  1  ^'^   |  ^-10  |   92   |  110   | 

SAMPLE  TEMPERATURE 


Start:    11.0°C 


Finish; 


15.0°C 


COMMENTS 

(1)  Treatment  Steps:   Alum  or  Polyaluminum  Chloride  added; 
stirred  at  greater  than  100  rpm  for  2  minutes,  30  rpm 
for  30  minutes;  settled  for  30  minutes  and  filtered 
through  a  1.2  \im   membrane  filter  by  vacuum  filtration. 

(2)  Commercial  grade  equivalent  AI2  (S04)3  *  14H2  added 
from  a  10  mg/mL  solution. 

(3)  Sternson  polyaluminum  chloride  added  from  a  10  mg/L 
solut  ion . 


Floe  Rating 


1  -  very  good 

2  -  good 

3  -  poor 


4  -  very  poor 

5  -  no  floe 


CONDUCTED  BY 


REVIEWED  BY 


Gore  &  Storrie  Limited 

WATER  TREATABILITY  RESULTS  SHEET 


TEST  NO.  5 


DATE 

23  Sep/87 


PROJECT  DESCRIPTION 

MOE  Water  Plant  Optimization  Study 
Peterborough  Water  Treatment  Plant 


JOB  NO. 
380.71 


TEST  DESCRIPTION 

Removal  of  Turbidity  and  Colour  with  Alum 

Aluminum  Residuals  Tested  -  1  Litre  Jar  Tests,  Raw  Water  #2 


1  CHEMICAL  DOSAGES  1        1                     (1) 
JAR  1     (mq/L)      1   FLOC   1           WATER  QUALITY  AFTER  TREATMENT 

NO.  1   (2)   1   (3)   1  RATING  1       1  Turb.  1  Colour  I  Alk.   1   Hard.  1  Al 

1   Alum   1   PACl   1        1   pH   1   (NTU)  1   (HCU)  1  (mq/L)  1  (mq/L)  1  (mq/L) 

raw  1       1       1       I       1       1        1       I       I 

2       15              2  1   7.48     0.18  |     <5  |     65      104  '   0.10 

3   1     25  1       1    1-2  1   7.39  j   0.14  |     <5  |     64  j    104  j   0.09 

4       30  1           1-2  1   7.32  1   0.15      <5      62      106     0.08 

5   1       1     .3  1    3-4  1   7.65  |   0.18  j     <5  |     71  |    104  |   0.10 

6          1      5  1      3  1   7.64  j   0.15       <5  |     71      104     0.11 

7          1    7.5  1    2-3  1   7.65  '   0.14  |     <5  '     71  '    104  '   0.13 

RAW,  UNTREATED               |   7.88  |   0.88  ,  .  5-10  [     90  [    104  | 

SAMPLE  TEMPERATURE                     Start:    23°C         Finish:    23°C 

COMMENTS 

(1)  Treatment  Steps:  The  pH  of  the  raw  water  was  lowered  to  7.0  with  O.lN  H2SO4. 
Alum  or  Polyaluminum  Chloride  was  added;  stirred  at  greater  than  100  rpm  for 
2  minutes,  30  rpm  for  30  minutes;  settled  for  30  minutes  and  filtered  through 
a  1.2  um  membrane  filter  by  vacuum  filtration. 

(2)  Commercial  grade  equivalent  Al2(S04)3  '  I4H2O  added  from  a  10  mg/mL  solution. 

(3)  Sternson  polyaluminum  chloride  added  from  a  1  mg/mL  solution. 


Floe  Rating: 


1  -  very  good 

2  -  good 

3  -  poor 

4  -  very  poor 

5  -  no  floe 


CONDUCTED  BY 


REVIEWED  BY 


APPENDIX  E 
DAILY  LOG 


RD    OF    DAILY    OPERATIONS 
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WATER  PLANT  OPTIMIZATION  STUDY 

GENERAL  TERMS  OF  REFERENCE  Page  1 


Purpose 

To  review  the  present  conditions  and  determine  an  optimum  treatment 
strategy  for  contaminant  removal  at  the  plant,  with  emphasis  on 
particulate  materials  and  disinfection  processes. 

Work  Tasks 


1.  Receive  an  information  package  from  the  MOE.  Review  the 
information  provided  and  meet  with  the  MOE  staff,  if  required,  to 
discuss  the  project. 

2.  Document  the  quality  and  quantity  of  raw  and  treated  waters. 

3.  Define  the  present  treatment  processes  and  operating  procedures. 
Prepare  a  progress  report  on  Works  Tasks  1-3  for  the  Project 
Committee. 

4.  Assess  the  methods  of  efficient  particulate  removal  which  would 
utilize  the  present  major  capital  works  of  the  plant.  Evaluate 
the  particulate  removal  efficiency  and  sensitivity  of  operation, 
assuming  optimum  performance  of  the  plant. 

5.  Assess  current  disinfection  practices  and  possible  improvement 
methods . 

6.  Describe  possible  short  and  long-term  process  modifications  to 
obtain  optimum  disinfection  and  contaminant  removal. 

7.  Prepare  a  draft  report  for  the  project  committee's  review. 

8.  Prepare  the  final  report. 
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1.  RECEIVE  AN  INFORMATION  PACKAGE  FROM  THE  MOE .  REVIEW  THE 
INFORMATION  PROVIDED  AND  MEET  WITH  THE  MOE  STAFF,  IF  REQUIRED,  TO 
DISCUSS  THE  PROJECT. 

Elements  of  Work 


(a)  Receive  an  information  package  from  the  MOE  concerning  the  plant 
and  the  study.  This  package  includes  a  general  terms  of 
reference,  a  general  table  of  contents  for  organizing  the  study  in 
a  manner  consistent  with  other  plant  reports,  the  WPOS  reporting 
tables  and  a  copy  of  Ontario  Drinking  Water  Objectives. 

(b)  Review  the  information  and  prepare  for  a  meeting  to  initiate  the 
work  on  the  project,  including  preparation  of  a  schedule  of 
manpower  and  staff  committments. 

(c)  Meet  with  the  MOE  to  discuss  the  available  data,  the  terms  of 
reference,  and  the  project  staff  and  work  schedule.  If  a 
consultant  is  carrying  out  more  that  one  study  it  may  not  be 
necessary  to  meet  with  the  MOE  at  the  start  of  each  study. 
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2.   DOCUMENT  THE  QUALITY  AND  QUANTITY  OF  RAW  AND  TREATED  WATERS. 
Elements  of  Work 

(a)  Prepare  a  monthly  summary  of  maximum,  minimum,  and  average  flows 
for  the  last  three  consecutive  years  (Table  1.0).  Address  any 
discrepancies  which  exist  between  raw  and  treated  flow  rates. 

(b)  Based  on  the  above,  briefly  review  and  tabulate  for  the  last  three 
years,  the  monthly  maximum,  minimum,  and  average  per  capita  flow 
for  the  total  population  served  by  the  plant  (Table  1.1).  Compare 
the  plant  data  with  typical  per  capita  flows  for  the  local  region. 
Indicate  major  consumers  who  may  influence  the  figures. 

(c)  Document  the  methods  of  measuring  the  raw  and  treated  water  flow 
rates. 

(d)  Summarize,  for  the  last  three  consecutive  years,  where  available, 
the  raw  and  treated  water;  turbidity,  colour,  residual  aluminum/ 
iron,  pH,  temperature  and  treatment  chemical  dosages  (other  than 
disinfection  and  fluoridation).  The  summary  should  indicate  the 
monthly  daily  average  and  maximum  and  minimum  day  (Table  2.0). 

For  the  same  three  year  period,  tabulate  also  the  daily  average 
for  the  typical  seasonal  months  of  January,  April,  July  and 
October  as  well  as  other  months  in  which  problems  with  particulate 
removal  occurred  (Tables  2).  Document  enough  data  to  define  and 
evaluate  those  problems. 

Record  other  data,  such  as  particulate  counting,  suspended  solids, 
and  algae  counting  (Table  5.0)  which  could  reflect  on  particulate 
removal  efficiency. 

Document  the  source  and  methods  used  in  determining  all 
information . 

A  comparison  should  be  made  between  the  plant  and  outside 
laboratory  information  to  ascertain  the  relative  validity  of  the 
data.  For  plant  data,  emphasis  should  be  given  to  plant 
laboratory  tests  rather  than  continuous  process  control 
instruments . 

(e)  Summarize  for  the  last  three  consecutive  years,  where  available, 
the  disinfectant  demand,  dosages  (including  all  disinfection 
related  chemicals  and  residuals)  for  all  application  points 
as  well  as  fluoridation  dosage  and  residual.  The  summary  should 
indicate  the  monthly  daily  average  and  maximum  and  minimum  day 
(Table  3.0). 
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For  the  same  three  year  period,  tabulate  (Tabl^  3)  the  daily 
average  for  the  typical  seasonal  months  of  Janui  ,  April,  July 
and  October  as  well  as  other  montns  in  which  problems  with 
chlorine  residuals  and/or  positive  bacterial  tests  identified  in 
Table  6.  Document  enough  data  to  define  and  evaluate  those 
problems. 

Document  the  methods  of  dosage  evaluation  and  residual 
measurements,  and  establish  the  validity  of  the  data  provioed. 

(f)  Prepare  a  summary,  based  on  at  least  three  years  of  data,  of  the 
raw  and  treated  water  quality  testing  data  for  physical, 
microbiological,  radiological,  and  chemical  water  quality 
information  (Table  4).  Document  as  much  data  as  is  needed  to  show 
possible  seasonal  trends  in  water  quality.  Where  possible,  show 
corresponding  sets  of  raw- and  treated  water  quality  Information. 

Document  the  source  and  methods  used  in  determining  all  water 
quality  information  and  establ ish  the  val idity  of  the  data, 
comparing  plant  and  outside  laboratory  data. 

(g)  Tabulate,  for  the  last  three  consecutive  years,  the  raw  and 
treated  water  bacterial  test  information  at  the  plant 
(Table  6). 

Document  the  source  and  methods  used  for  all  data  provided. 

(h)  Document  the  water  sampling  systems  (source,  pump,  line-material 
and  size,  vertical  rise  velocity  sampling  location)  used  in  the 
plant  (similar  to  DWSP  Questionnaire  in  Appendix  A). 

(i)  Prepare  a  summary  of  inplant  testing  including  Test,  Sampling 
Point,  Testing  Frequency,  Reporting  Frequency,  Testing 
Instrumentation  including  calibration. 

(j)  Identify  other  water  quality  concerns,  not  related  to  particulate 
removal  or  disinfection,  which  should  be  considered  as  part  of  the 
assessment  phase  of  this  evaluation  program. 
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3.  DEFINE  THE  PRESENT  TREATMENT  PROCESSES  AND  OPERATING  PROCEDURES. 
PREPARE  A  PROGRESS  REPORT  ON  WORK  TASKS  1-3  (8  COPIES),  FOR  THE 
PROJECT  COMMITTEE. 

Elements  of  Work 

(a)  Where  drawings  are  available,  assemble  sufficient  record  drawings 
of  a  reduced  size,  to  document  the  general  site  layout  and  the 
interrelationship  of  major  plant  components.  If  available, 
include  a  process  and  piping  diagram  (PAPD)  of  the  plant 
operations. 

(b)  Prepare  a  simplified  block  schematic  of  all  major  plant  components 
including  chemical  systems  and  indicating  design  parameters. 
Appendix  B  is  an  example  of  the  required  standard  schematic. 

(c)  Prepare  a  photographic  record  of  the  plant  facilities, 
illustrating  all  of  the  major  plant  components  and  chemical  feed 
systems.  The  record  should  include  approximately  30-40  coloured 
(9  cm  X  12  cm)  (or  10  cm  x  15  cm)  prints,  suitably  labelled.  The 
progress  and  draft  reports  may  include  photocopies  in  lieu  of  the 
prints. 

(d)  Tabulate  the  design  parameters  for  all  the  major  plant  components, 
with  emphasis  on  the  process  operations,  including  chemical  feeds. 
This  information,  as  a  minimum,  must  be  consistent  with  the  DWSP 
Questionnaire  (Appendix  A)  and  must  be  confirmed  and  verified  by 
field  observations.  The  design  parameters  should  be  evaluated  at 
design,  rated  and  actual  operational  flows. 

(e)  Prepare  a  summary  of  how  the  plant  is  operated,  including  chemical 
dosage  control,  such  as  jar  testing  information,  filter 
backwashing  procedures  and  initiation,  and  pumping  and  flow 
control  . 

(f)  Document  all  reported  and  other  apparent  problems  in  plant 
operations  and/or  in  the  distribution  system  related  to  water 

quality.   In  addition  list  the  health  related  parameters  wnich 
exceed  the  Ontario  Drinking  Water  Objectives  (Table  7). 

(g)  Submit  8  copies  of  the  progress  report  to  the  Prime  Consultant  for 
distribution  to  the  Project  Committee. 
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4.  ASSESS  THE  METHODS  OF  EFFICIENT  PARTICULA"  REMOVAL  WHICH  WOULD 
UTILIZE  THE  PRESENT  MAJOR  CAPITAL  WORKS  C  THE  PLANT.  EVALUATE 
THE  PARTICULATE  REMOVAL  EFFICIENCY  AND  SE.,:ITIVITY  OF  OPERATION, 
ASSUMING  OPTIMUM  PERFORMANCE  OF  THE  PLANT. 

Elements  of  Work 


(a)  Assess  the  validity  and  implication  of  all  information  relating  to 
particulate  removal  provided  in  Work  Tasks  1  and  2  with  emphasis 
on  method,  metering  and  sampling,  etc. 

(b)  Using  information  provided  in  Work  Tasks  1,  2  and  3  evaluate  the 
plant's  particulate  removal  efficiency.  The  basis  of  minimum 
particulate  removal  should  be  1.0  F.t.u.  It  should,  however,  be 
recognized  that  it  is  desirable  to  strive  for  an  operational  level 
which  is  as  low  as  is  achievable.       * 

(c)  Conduct  an  evaluation  of  possible  optimum  performance 
alternatives.  Include  jar  testing  using  established  industry 
practice. 

(d)  Evaluate  the  feasibility  of  optimum  removal  using  the  existing 
plant  capital  works.  This  evaluation  should  consider  the  worst 
case  water  quality  conditions,  even  though  field  testing  data  may 
not  be  available  during  the  initial  phase  of  the  study  (see  Work 
Task  7). 

(e)  Describe  the  operational  procedures,  management  strategies,  and 
equipment  required  for  various  feasible  alternatives.  Estimate 
chemical  dosages,  level  of  operational  expertise,  and  sensitivity 
of  operation  of  the  alternatives. 
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5.   ASSESS  CURRENT  DISINFECTION  PRACTICES  AND  POSSIBLE  IMPROVEMENT 
METHODS. 

Elements  of  Work 


(a)  Assess  the  validity  and  implication  of  all  information  relating  to 
disinfection  provided  in  Work  Tasks  1,  2  and  3  with  emphasis  on 
method,  metering  and  sampling  etc. 

(b)  Using  the  information  provided  in  Work  Tasks  1,  2  and  3  evaluate 
the  plant's  ability  to  disinfect  the  water.  The  basis  of  minimum 
disinfection  should  be  to  ensure  a  water  quality  as  described  in 
the  Ontario  Drinking  Water  Objectives. 

(c)  Conduct  an  evaluation  of  possible  optimum  disinfection  procedures 
for  the  plant,  with  consideration  also  given  to  the  reduction  of 
chlorinated  by-products  in  the  treated  water. 

(d)  Evaluate  the  feasibility  of  the  various  alternatives  using  the 
existing  plant  capital  works. 

(e)  Assess  the  relative  merits  of  the  alternatives.  Describe  the 
operational  procedures,  management  strategies,  and  equipment 
required  for  the  feasible  alternatives.  Estimate  chemical 
dosages,  level  of  operational  expertise,  and  sensitivity  of 
operation  for  the  alternatives. 
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6.   DESCRIBE  POSSIE     HOPT  AND  LONG-TERM  PROCESS  MODIFICATIONS  TO 
OBTAIN  OPTIMUM  (    >iFECTION  AND  CONTAMINANT  REMOVAL. 

Elements  of  Work 


(a)  Prepare  a  list  of  modifications  which  should  be  considered  for 
detailed  implementation  evaluation.  Provide  an  estimated  cost  and 
possible  schedule  for  implementation  for  each  of  the  proposed 
modifications . 

It  is  not  the  purpose  of  this  study  to  provide  a  detailed 
implementation  scheme  for  plant  rehabilitation.  It  is,  however, 
necessary  to  scope  the  feasible  short  and  long-term  process 
modifications  required  to  achieve  optimum  disinfection  and 
contaminant  removals. 

(b)  Incorporate  (a)  above  in  the  draft  report. 
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7.   PREPARE  A  DRAFT  REPORT  FOR  THE  PROJECT  COMMITTEE'S  REVIEW. 
(8  COPIES). 

Elements  of  Work 


(a)  The  report  must  include  all  information  for  Work.  Tasks  1-6. 

The  information  must  be  organized  and  presented  in  a  logical  and 
co-ordinated  fashion.  A  general  table  of  contents  (Appendix  C)  is 
provided  for  organizing  the  material  in  a  manner  consistent  with 
other  plant  reports. 

Submit  the  draft  report  for  review  by  the  Project  Committee. 

(b)  Meet  with  the  Project  Committee  on  site  at  least  one  week  after 
submission  of  the  report. 

(c)  Prepare  a  separate  letter  report  containing  recommendation(s) 
concerning  the  need  for  additional  field  testing  to  cover  quality 
conditions  not  available  during  the  period  of  this  study.  The 
Project  Committee  may  decide  to  delay  completion  of  the  final 
report  until  field  data  can  be  obtained  to  confirm  the  predictions 
of  performance  for  the  worst  case  water  conditions. 
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8.   PREPARE  THE  FINAL  REPORT. 
Elements  of  Work 

(a)  Conduct  additional  field  testing  if  required.  Discuss  the 
implementations  of  the  results  with  the  Project  Committee  if  the 
results  differ  from  the  predicted  performance. 

(b)  Amend  the  report  as  per  review  comments,  incorporating  additional 
field  data  if  required. 

(c)  Submit  25  copies  of  the  final  reports  (including  the  colour 
photographs)  to  the  MOE  for  distribution. 
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